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(57) ABSTRACT

A mask blank and transfer mask that overcomes problems
caused by an electromagnetic ficld (EMF) effect when a
DRAM half pitch (hp) 1s 32 nm or less specified in semicon-
ductor device design specifications. The mask blank 1s used 1n
manufacturing a transfer mask to which ArF exposure light 1s
applied, and includes a light shielding film 10 having a mul-
tilayer structure. The multilayer structure includes a light
shielding layer 11 and a surface anti-reflection layer 12
formed on a transparent substrate 1. An auxiliary light shield-
ing film 20 1s formed on the light shielding film 10. The light
shielding film 10 has a thickness of 40 nm or less and an
optical density of 2.0 or more to 2.7 or less for exposure light.
The optical density 1s 2.8 or more for exposure light 1n the
multilayer structure of the light shielding film 10 and the
auxiliary light shielding film 20.
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FIG. 7C
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1
MASK BLANK AND TRANSFER MASK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application1s a 35 U.S.C §371 national stage filling of
International Application No. PCT/JP2010/002300, filed
Mar. 30, 2010, the entire contents of which are incorporated
by reference herein, which claims priority to Japanese Patent
Application No. 2009-085090, filed on Mar. 31, 2009, the

entire contents of which are incorporated by reference herein.

TECHNICAL FIELD

The present disclosure relates to mask blanks and a transter
masks for use in the manufacture of devices such as semicon-
ductor devices.

BACKGROUND

Miniaturization of devices such as semiconductor devices
1s being accelerated because of improved performance and
tunctionality (high speed operation, low power consumption
and so on) and low cost. Lithography supports such minia-
turization, whereas transier mask technology 1s the key tech-
nology along with exposure devices and resist maternials.

In recent years, the DRAM half pitch (hp) 45 nm to 32 nm
generation 1 semiconductor device design specifications 1s
being developed. This corresponds to Vato s of a wavelength
of 193 nm of ArF excimer laser exposure light. In particular,
the generations aiter the hp 45 nm generation 1s insuificient
when used only with the application of conventional resolu-
tion enhancement technology (RET) such as phase shift,
oblique 1ncidence illumination and pupil filtering, and an
optical proximity correction (OPC) technology, and accord-
ingly requires a super high numerical aperture (NA) technol-
ogy (immersion lithography).

However, circuit patterns required for semiconductor
manufacture are sequentially exposed to semiconductor
walers through a plurality of photomasks (reticles). For
example, a reduction projection type exposing device (expo-
surer) set with a certain reticle mainly includes a type of
projectively exposing repeated patterns by displacing regions
to be projected on a water being displaced from each other in
turn (step and repeat type) or a type of projectively exposing
repeated patterns by synchronously scanning reticles and
walers to a projection optical system (step and scan type).
These types are used to form a predetermined number of
integrated circuit chip regions in a semiconductor wafer.

A photomask (reticle) has a region where transier patterns
are formed and also peripheral regions. The peripheral
regions, which are surrounding areas along the four sides of
the photomask (reticle), are exposed and transierred in a
superimposed manner 1 order to increase the number of
integrated circuit chips to be formed when transfer patterns on
the photomask (reticle) are sequentially exposed with regions
to be projected on a water while being displaced from each
other in turn. Typically, a mask stage of an exposurer is
provided with a shielding plate to shield irradiation of expo-
sure light to the peripheral regions. However, shielding by
exposure light using the shielding plate has problems in that
it limits position precision and light diffraction effects, thus
making 1t difficult to avoid leakage of exposure light (being,
referred to as “light leakage™) into the peripheral regions. IT
the light leakage into the peripheral regions transmits through
the photomask, there 1s a fear of sensitizing resists on the
waler. For the purpose of preventing the resists on the water
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from being sensitized due to such superimposing exposure, a
light shielding band (a band of light shielding material or a

ring ol light shielding material) 1s formed 1n the peripheral
regions of the photomask during mask manufacturing. In
addition, 1n an area where the light shielding band of the
peripheral regions 1s formed, a typical optical density (OD)
value 1s preferably 3 or more, necessarily at least 2.8 or so in
order to suppress sensitization of the resists on the water due
to the superimposing exposure.

In the case of a binary mask, a light shielding film has high
light shieldability and accordingly has a light shielding film
pattern formed 1n a transfer pattern area while playing a role
of a light shielding band 1n peripheral regions of the transfer
pattern area.

Thinning the light shielding film decreases an optical den-
sity (OD) value. For a chromium-based light shielding film, a
minimum total film thickness is required to be 60 nm or so in
order to achieve OD=3 that1s generally required, thus making
it difficult to significantly thin the film (for example, see
paragraph [0005] in Patent Document 1).

Even 1n the case of a so-called binary type photomask
including a light shielding film having a multilayer structure
composed of MoSi-based materials, for example, a light
shielding film having a multilayer structure composed of
main MoSiN light shielding layer/MoS10ON anti-reflection
layer formed on a substrate, a minimum total film thickness of
60 nm or so 1s required 1n order to achieve OD=2.8 which 1s
typically required, thus making it difficult to significantly thin
the film (for example, see Patent Document 2).

Lithographic techniques of forming minute and highly-
dense transier patterns on one transfer mask have begun to
reveal limitations. A double patterning/double exposure tech-
nique has been developed as one of solution to the problems
of the lithographic techniques. The double patterning/double
exposure technique divides one minute and highly-dense
transier pattern mto two relatively sparse patterns (first pat-
tern and second pattern) and prepares a transfer mask for each
of the two patterns. This double patterming/double exposure
technique 1s a lithographic technology of transferring minute
and highly-dense transfer patterns onto resists on a wafer
using a set of two transier masks.

RELATED TECHNICAL DOCUMENT

Patent Document

Patent Document 1: Japanese Patent Publication Laid-Open
No. 2007-241136

Patent Document 2: Japanese Patent Publication Laid-Open
No. 2006-78825

SUMMARY

The binary mask (that 1s the generation atter the DRAM
haltf pitch (hp) 32 nm generation mentioned 1n semiconductor
device design specifications) has problems 1n that 1) the line
width of the transfer patterns on the transier mask 1s smaller
than a wavelength o1 193 nm of the ArF exposure light, and 11)
the large film thickness of the light shielding film pattern of
the transier pattern area (main pattern area) increases a bias
due to an electromagnetic field (EMF) effect when the reso-
lution enhancement technology (RET) 1s adopted to cope
with such line width. Such a bias due to the EMF effect has a
great effect on CD precision of the transfer pattern line width
of the resists on the walfer. Accordingly, there 1s a need to
correct the transfer pattern formed 1n the transfer mask to
suppress an effect by the EMF bias through simulation of the
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EMF effect. Correction of the transter pattern becomes com-
plicated with an increase 1in the EMF bias. Furthermore, a
corrected transier pattern becomes complicated with an
increase in the EMF bias, which may impose a great load on
manufacture of the transfer mask. This increase 1n the EMF
bias has caused such new problems.

On the other hand, for the double patterning/double expo-
sure technique, since line width of a transier pattern formed 1n
one transier mask is relatively large, the above problems due
to the EMF etiect are unlikely to occur. However, 1n particu-
lar, when using the double exposure technique, the same
resists on the waler 1s exposed twice using two transier
masks. For exposure of resists on a waler using one transier
mask (which 1s called “single exposure™) in the conventional
reduction projection exposurer, superimposing exXposure por-
tions on the wafer due to light leakage 1nto peripheral regions
of transier patterns are exposed up to four times. Accordingly,
even when these portions are exposed four times by light
passing through the light shielding band, 1t was suflicient if a
level of optical density 1n the light shielding band can be high
enough as not to sensitize the resists on the water. On the other
hand, when using double exposure, since the resists are
exposed using two transier masks, the superimposing expo-
sure portions on the waler are exposed up to eight times.
Accordingly, a transfer mask used 1n the double exposure
technique needs to have a light shielding band that secures a
level of optical density high enough as not to sensitize the
resists on the wafer even when these portions are exposed
eight times to exposure light passing through the light shield-
ing band. In addition, it 1s considered that optical density
required for the light shielding band 1s at least 3.1.

In order to secure an optical density of 3.1 or more, there 1s
a need to set the thickness of the light shielding film to be
larger than conventional. In the double exposure techmque,
since 1t 1s to realize line width of a transter pattern, which was
difficult to be achieved before then, the transfer pattern line
width has little margin even when the transier pattern 1s
divided 1nto two relatively sparse transier patterns. Increase
in the thickness of the light shielding film cannot overcome
the EMF effect. Although a conventional film thickness could
secure optical density required for a light shielding band used
tor the double exposure technique, as it 1s expected that trans-
fer patterns continues to be miniaturized and highly-densified
in the tuture, 1t 1s easily envisaged that the line width of the
two relatively sparse transier patterns will cause the same
problem as the EMF eflect that 1s problematic in the transier
mask for the current single exposure.

Optical simulation 1n a binary mask design has the main
purpose of calculating an amount of correction (bias amount)
of shape of correction patterns or pattern line width of OPC or
SRAF to be further arranged since a designed transier pattern
1s exposed and transferred onto an object (for example, a
resist on a water). TMA (Thin Mask Analysis) 1s a type of
optical stmulation of this mask design. TMA 1s to calculate an
amount ol correction of shape of correction patterns or pat-
tern line width on the presumption that a light shielding film
ol a transier mask 1s an 1deal film having a thickness of zero
and a predetermined optical density. Since TMA 1s a simple
simulation performed for the ideal film, TMA has a great
advantage of small stmulation computational load. However,
since this simulation does not consider an EMF effect, using
only the results of the TMA simulation 1s insuificient for
recent fine patterns that are increasingly atfected by the EMF
elfect.

The present inventors have carefully reviewed the problem
of the electromagnetic field (EMF) effect. First, the inventors
noted that a light shielding film that 1s insignificantly affected
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by the EMF effect facilitates TM A simulation and hence may
decrease a load of correction computation of an EMF bias. In
addition, from studies on the light shielding film that 1s 1nsig-
nificantly affected by the EMF etffect, we have found through
a simulation that a light shielding film having a thickness of
40 nm or less 1n a binary mask shows an effect of noticeable
improvement 1n reduction of the EMF bias. That 1s, if the
thickness of the light shielding film 1s 40 nm or less, a transier
pattern correction computational load spent to correct an
elfect of the EMF bias 1s reduced and accordingly the load to
manufacture a transier mask 1s reduced. In addition through a
simulation, it has been proven that a light shielding film
having a thickness of 35 nm can significantly reduce the EMF
bias. However, although metal silicide-based (MoSi-based,
WSi, etc.) matenal that 1s considered to have a high optical
density at the same film thickness 1s selected, we have found
that it 1s not easy to satisiy conditions where an optical density
1s 2.8 and the film thickness 1s 40 nm or less. In addition,
materials having a high optical density including the metal
silicide-based material have high reflectivity for exposure
light. There 1s a need for a light shielding film to have low
reflectivity of a predetermined value or less (for example,
40% or less) for exposure light to an exposed surface of the
light shielding film as a transfer pattern after a transfer mask
1s manufactured. For the purpose of thinness of the film, the
light shielding film needs to have at least a two-layer structure
of a light shielding layer and a surface anti-reflection layer.
The surface anti-reflection layer makes an 1nsignificant con-
tribution to an optical density since this layer 1s required to
secure certain transmittance in order to reduce surface retlec-
tion.

The present inventors have examined, through experiments
and simulations, the practicality of a light shielding film
having an optical density of 2.8 or more required for light
shielding films of conventional binary transfer masks, desir-
able surface reflectivity o1 30% or less for exposure light, and
a film thickness of 40 nm or less. The examination proved that
it 1s difficult for existing film materials to satisty all condi-
tions. However, 1t also has been found that, if the lower limait
of an optical density of a light shielding film can be lower than
conventional (for example, 2.0 or more), a light shielding film
having desirable surface retlectivity of 30% or less for expo-
sure light and a film thickness 0140 nm or less can be realized.
However, when an optical density of a light shielding film of
a binary transier mask 1s lowered, no examination has been
conducted to determine whether or not an object to be trans-
terred (for example, a resist on a wafer, etc.) can obtain a
suificient contrast comparable to those 1n the past when the
transier mask 1s exposed and transferred onto the object. It 1s
believed that this 1s because conventional binary transier
masks have little necessity of a light shuelding film so thin as
to force an optical density (OD) to be reduced or 1t 1s the
simplest to use a light shielding film that forms a transfer
pattern, as 1t 1s, to form a light shielding band in consideration
of mask manufacturing processes. In this respect, the present
inventors have discovered through experiments and simula-
tions that a considerable contrast can be obtained even when
the lower limit of an optical density 1s lowered than before.

The present disclosure provides some embodiments of a
practical mask blank and transfer mask that shows an effect of
suificiently overcoming the problem of the electromagnetic
field (EMF) effect, which can be a problem for the generation
in which the DRAM half pitch (hp) 1s 32 nm specified 1n
semiconductor device design specifications and later genera-
tions. The present inventors have discovered that the problem
of the electromagnetic field (EMF) effect, which can be a
problem for the generation in which the DRAM half pitch
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(hp) 1s 32 nm specified 1n semiconductor device design speci-
fications and the later generations, can be sutliciently over-
come and a desired level of film thickness and optical density
can be achieved (realized) by providing a light shielding film
for forming a transier pattern 1n a transier pattern area and an
auxiliary light shielding film (not formed 1n the transier pat-
tern area) for assisting in forming a light shielding band (light
shielding ring) in peripheral regions of the transfer pattern
area, wherein the light shielding film for forming the transfer
pattern in the transfer pattern area 1s formed to have a thick-
ness to overcome the problem and meet the desired level and
an optical density required for transfer.

The inventors have also discovered that the auxiliary light
shielding film in the peripheral regions of the transfer pattern
area can be used to form a light shielding band (light shielding
ring) having a suflicient optical density (for example, 2.8 or
more, preferably 3.0 or more) by stacking the light shielding
{1lm with the auxiliary light shielding film, and the inventors
have made the present mnvention based on such discoveries.

(Aspect 1) According to one embodiment of the present
disclosure, there 1s provided a mask blank for use 1n manu-
facturing a transier mask to which ArF exposure light is
applied, the mask blank includes a light shielding film having
a multilayer structure. The multilayer structure includes a
light shielding layer and a surface anti-retlection layer formed
on a transparent substrate. An auxiliary light shielding film 1s
tormed on the light shielding film, wherein the light shielding
f1lm has a thickness o1 40 nm or less and an optical density of
2.0 or more to 2.7 or less for exposure light. The light shield-
ing layer has a thickness of 15 nm or more to 35 nm or less,
and an optical density 1s 2.8 or more for exposure light 1n the
multilayer structure of the light shielding film and the auxil-
1ary light shielding film.

(Aspect 2) According to another embodiment of the
present disclosure, the surface anti-reflection layer may have
a thickness of 5 nm or more to 20 nm or less and a surface
reflectivity of 30% or less for exposure light.

(Aspect 3) According to another embodiment of the
present disclosure, the optical density for exposure light in the
multilayer structure of the light shielding film and the auxil-
1ary light shielding film may be 3.1 or more.

(Aspect 4) According to another embodiment of the
present disclosure, the light shielding layer may contain tran-
sition metal silicide of 90% or more.

(Aspect 35) According to another embodiment of the
present disclosure, the transition metal silicide i the light
shielding layer may be molybdenum silicide and the content
of molybdenum may be 9 atom % or more to 40 atom % or
less.

(Aspect 6) According to another embodiment of the
present disclosure, the surface anti-reflection layer may be
made of material mainly containing a transition metal sili-
cide.

(Aspect 7) According to another embodiment of the
present disclosure, the auxiliary light shielding film may have
a resistance to etching gas used to etch the light shielding film.

(Aspect 8) According to another embodiment of the
present disclosure, the auxiliary light shielding film may con-
tain at least one of nitrogen and oxygen in addition to chro-
mium, the content of chromium 1n the film may be 50 atom %
or less, and a thickness of the film may be 20 nm or more.

(Aspect 9) According to another embodiment of the
present disclosure, there 1s provided a transfer mask manu-
factured using a mask blank of any one of the above-described
embodiments.

According to the present disclosure in some embodiments,
it 1s possible to provide a mask blank and transfer mask
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manufactured using lithography applying ArF exposure light,
which 1s capable of sufficiently overcoming many problems
of the electromagnetic field (EMF) effect, which can be a
problem for the generation 1n which the DRAM half pitch
(hp) 1s 32 nm specified 1n semiconductor device design speci-
fications and the later generations, and further problems of
light leakage due to superimposing exposure, by securing a
minimal optical density of a light shielding film to be thinned,
the mimimal optical density being required to form a transier
pattern 1n an object to be transierred (for example, a resist on
a waler, etc.), and securing an optical density of a light shield-
ing band required to reduce an effect of light leakage due to
superimposing exposure, the optical density being required
depending on a multilayer structure of a light shielding film
and an auxiliary light shielding film.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic sectional view showing a first
embodiment of a mask blank of the present invention.

FIG. 2 1s a schematic sectional view showing a second
embodiment of a mask blank of the present invention.

FIG. 3 1s a schematic sectional view showing a third
embodiment of a mask blank of the present invention.

FIG. 4 1s a schematic sectional view showing a fourth
embodiment of a mask blank of the present invention.

FIG. 5 1s a schematic sectional view showing a fifth
embodiment of a mask blank of the present invention.

FIG. 6 1s a view showing a relationship between the content
of molybdenum and optical density per unit film thickness 1n
a thin film made of molybdenum silicide metal.

FIG. 7 1s a view used to explain a mode in forming an
etching mask film.

FIG. 8 1s a schematic sectional view used to explain a
process of manufacturing a transier mask according to one
example of the present invention.

FIG. 9 1s a schematic sectional view used to explain a
process of manufacturing a transfer mask according to
another example of the present invention.

FIG. 10 1s a schematic sectional view used to explain a
process of manufacturing a transfer mask according to still
another example of the present invention.

FIG. 11 1s a schematic sectional view used to explain a
process of manufacturing a transfer mask according to still
another example of the present invention.

FIG. 12 1s a schematic sectional view used to explain a
process of manufacturing a transfer mask according to still
another example of the present invention.

FIG. 13 1s a view showing a result of optical simulation on
calculation of optical density and surface reflectivity 1n film
thickness of the light shielding film and the surface anti-
reflection layer according to Example (4-1) of the present
ivention.

FIG. 14 1s a view showing a result of optical simulation on
calculation of a relationship between optical density and con-
trast of the light shielding film according to Example (4-1) of
the present invention.

FIG. 15 1s a view showing a result of optical simulation on
calculation of an EMF bias 1n film thickness of the light
shielding film according to Example (4-1) of the present
invention.

FIG. 16 1s a view showing a result of optical simulation on
calculation of optical density and surface reflectivity 1n film
thickness of the light shielding film and the surface anti-
reflection layer according to Example (4-2) of the present
ivention.
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FIG. 17 1s a view showing a result of optical simulation on
calculation of a relationship between optical density and con-
trast of the light shielding film according to Example (4-2) of
the present invention.

FIG. 18 1s a view showing a result of optical simulation on
calculation of an EMF bias 1n film thickness of the light

shielding film according to Example (4-2) of the present
invention.

FI1G. 19 1s a view showing a result of optical simulation on
calculation of optical density and surface reflectivity 1 film

thickness of the light shielding film and the surface anti-

reflection layer according to Example (4-3) of the present
ivention.

FI1G. 20 1s a view showing a result of optical simulation on
calculation of a relationship between optical density and con-
trast of the light shielding film according to Example (4-3) of
the present invention.

FI1G. 21 1s a view showing a result of optical simulation on
calculation of an EMF bias 1n film thickness of the light
shielding film according to Example (4-3) of the present
invention.

FI1G. 22 1s a view showing a result of optical simulation on
calculation of optical density and surface reflectivity i film

thickness of the light shielding film and the surface anti-

reflection layer according to Example (6-1) of the present
invention.

FI1G. 23 1s a view showing a result of optical simulation on
calculation of an EMF bias 1n film thickness of the light
shielding film according to Example (6-1) of the present
invention.

FI1G. 24 1s a view showing a result of optical simulation on
calculation of optical density and surface reflectivity i film
thickness of the light shielding film and the surface anti-
reflection layer according to Example (6-2) of the present
invention.

FI1G. 25 1s a view showing a result of optical simulation on
calculation of a relationship between optical density and con-
trast of the light shielding film according to Example (6-2) of
the present invention.

FI1G. 26 1s a view showing a result of optical simulation on
calculation of an EMF bias 1n film thickness of the light
shielding film according to Example (6-2) of the present
ivention.

EXPLANATION OF REFERENCE NUMERALS

1: transparent substrate, 10: light shielding film, 11: light
shielding layer, 12: surface anti-reflection layer, 20: auxiliary
light shielding film, 30: etching mask film, 40: second etching
mask film, 50: etching stopper and mask layer, 60: adhesion
enhancement layer, 70: etching mask film, 100: resist film

DETAILED DESCRIPTION

The present disclosure will now be described 1n detail.

A mask blank of the present disclosure 1s amask blank used
for manufacturing a transifer mask to which ArF exposure
light 1s applied. The mask blank 1s provided with a light
shielding film having a multilayer structure composed of a
light shielding layer and a surface anti-retlection layer, which
are formed on a transparent substrate, and an auxiliary light
shielding film formed on the light shJeldlng f1lm, 1n which the
thickness of the light shielding film 1s 40 nm or less, its optical
density for the exposure light 1s 2.0 or more to 2.7 or less, the
thickness of the light shielding layer 1s 15 nm or more to 35
nm or less, and the optical density 1s 2.8 or more for the
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exposure light of the multilayer structure of the light shielding
film and the auxiliary light shielding film.

In addition, 1n the mask blank of the present disclosure, 1t1s
preferable 1n some embodiments that the thickness of the
surface anti-reflection layer 1s 5 nm or more to 20 nm or less
and 1its surface reflectivity for the exposure light 1s 30% or
less.

Such configuration shows an eflect of suificiently over-
coming the problem of the electromagnetic field (EMF)
elfect, which can be a problem for the generation in which the
DRAM half pitch (hp) 1s 32 nm specified 1n semiconductor
device design specifications, and the later generations and
provides a mask blank and a transier mask that are capable of
suificiently overcoming the problem of light leakage in super-
1IMposing exXposure.

For example, as shown in FIG. 1, the mask blank of the
present disclosure includes a light shielding film 10 having a
multilayer structure composed of a light shielding layer 11
and a surface anti-reflection layer 12, which are formed on a
transparent substrate 1, an auxiliary light shielding film 20
formed on the light shielding film 10, and a resist {ilm 100.

In the present disclosure, in lithography to which ArF
exposure light 1s applied, the light shielding film 10 1s a film
having both of film thickness and optical density to satisiy a
demand level by overcoming the problem of the electromag-
netic field (EMF) effect, which can be a problem for the
DRAM half pitch (hp) 1s 32 nm generation and later genera-
tions. In this case, 1t 1s important to determine the film thick-
ness and optical density of the light shielding film 10 while
considering contributions due to small film thickness 1n over-
coming the problem of the electromagnetic field (EMF) effect
and an effect of low optical density on transfer.

In considering the contribution of small film thickness to
overcome the problem of the electromagnetic field (EMF)
clfect and optical density required for transier pattern
regions, an upper limit of the thickness of the light shielding
film 10 1s 1n some embodiments preferably 40 nm or less.

In considering the contribution of small film thickness to
overcome the problem of the electromagnetic field (EMF)
clfect, the thickness of the light shielding film 10 1s 1n other
embodiments preferably 35 nm or less, more preferably 30
nm or less.

In consideration of an effect of low optical density on
transter, a lower limit of the optical density of the light shield-
ing film 10 1s in some embodiments preferably 2.0 or more,
more preferably 2.3 (0.05% 1n terms of transmittance) or
more.

Since the optical density of the light shielding film 10
increases with an increase 1n the film thickness (1.e., 1s sub-
stantially proportional to the film thickness), the optical den-
sity of the light shielding film 10 cannot be set independent of
the film thickness. That1s, there 1s a trade-oil between the film
thickness and the optical density. Although 1t 1s desirable that
the optical density of the light shielding film 10 should be
high with the same film thickness, the optical density of the
light shielding film 10 1s in some embodlments preferably 2.7
or less, more preferably 2.5 or less, even more preferably 2.3
or less from the viewpoint that priority 1s given to a contribu-
tion of small film thickness in overcoming the problem of the
clectromagnetic field (EMF) effect and keeping the optical
density fully restrained.

The total optical density of the light shielding film 10 1s
substantially attributed to the light shielding layer 11. The
surface anti-reflection layer 12 1s provided to prevent some
exposure light reflected by a lens of a contraction optical
system of an exposurer from being further reflected toward
the light shielding film 10 and 1s adjusted to transmit some
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degree of the exposure light. This allows suppression of total
reflection of the exposure light on the surface of the light
shielding film 10 and attenuation of the exposure light using
an interference effect or the like. Since the surface anti-re-
flection layer 12 1s designed to obtain such certain transmit-
tance, 1t makes little contribution on the total optical density
of the light shielding film 10. In this respect, the optical
density of the light shielding film 10 1s essentially adjusted by
the light shielding layer 11. That 1s, 1t 1s 1n some embodiments
preferable to secure an optical density of 2.0 or more 1n the
light shielding layer 11.

There 1s a high need 1n some embodiments to secure a
surface retlectivity o1 40% or less of the light shielding film 10
for the ArF exposure light. The surface reflectivity 1s prefer-
ably 30% or less, more preterably 25%, most preferably 20%
or less 1f the total thickness of the light shielding film 10 1s
within an allowable range.

In order to limit the surface reflectivity to a certain value
(for example, 30%) or less, the thickness of the surface anti-
reflection layer 12 1s needs to be 5 nm or more. In order to
limit the surface reflectivity to 25% or less, the thickness of
the surface anti-retlection layer 12 1s preferably greater than 5
nm. In order to provide lower surface reflectivity (for
example, 20% or less), the thickness of the surface anti-
reflection layer 12 1s preferably 7 nm or more. From a view-
point of production stability and in consideration of reduction
in the thickness of the surface anti-reflection layer 12 due to
repeated transfer mask cleaning after preparation of the trans-
ter mask, the thickness of the surface anti-reflection layer 12
1s preferably 10 nm or more. In addition, the thickness of the
surface anti-reflection layer 12 1s preferably 20 nm or less,
more preferably 17 nm or less. The thickness of the surface
anti-reflection layer 12 1s most preferably 15 nm or less 1n
consideration of the thinness of the entire light shielding film
10.

In the present disclosure, 1n some embodiments the auxil-
1ary light shielding film 20 should secure light shieldability of
optical density of at least 2.8 or more 1n the multilayer struc-
ture with the light shielding film 10. For example, 11 the light
shielding film 10 has an optical density of 2.0, the auxiliary
light shielding film 20 needs to have an optical density o1 0.8
or more. This 1s to secure the total optical density of 2.8 or
more, which 1s a combination of the optical density of the
light shielding film 10 and the optical density of the auxihary
light shielding film 20 1n a light shielding band.

FIG. 1 shows one example of a mask blank according to a
first embodiment of the present invention. As shownin FIG. 1,
the first embodiment includes a light shielding film 10 having,
a multilayer structure composed of a light shielding layer 11
and a surface anti-reflection layer 12, which are formed on a
transparent substrate 1, an auxiliary light shielding film 20
tformed on the light shielding film 10, and a resist film 100.

FIG. 2 shows one example of a mask blank according to a
second embodiment of the present invention. As shown 1n
FIG. 2, the second embodiment includes a light shielding film
10 having a multilayer structure composed of a light shielding
layer 11 and a surface anti-reflection layer 12, which are
formed on a transparent substrate 1, an auxiliary light shield-
ing {ilm 20 formed on the light shielding film 10, an etching
mask film (hereinafter also referred to as a “hard mask™) 30
tformed on the auxiliary light shielding film 20, an adhesion
enhancement layer 60 formed on the etching mask film 30,
and a resist film 100.

FIG. 3 shows one example of a mask blank according to a
third embodiment of the present invention. As shown 1n FIG.
3, the third embodiment includes a light shielding film 10
having a multilayer structure composed of a light shielding
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layer 11 and a surface anti-reflection layer 12, which are
formed on a transparent substrate 1, an auxiliary light shield-
ing {ilm 20 formed on the light shielding film 10, an etching
mask film 30 formed on the auxihary light shielding film 20,
a second etching mask film 40 formed on the etching mask
film 30, and a resist film 100.

FIG. 4 shows one example of a mask blank according to a
fourth embodiment of the present invention. As shown 1n FIG.
4, the fourth embodiment includes a light shielding film 10
having a multilayer structure composed of a light shielding
layer 11 and a surface anti-reflection layer 12, which are
formed on a transparent substrate 1, an auxiliary light shield-
ing film 20 having a multilayer structure composed of an
ctching stopper and mask layer 21 formed on the light shield-
ing film 10 and an auxiliary light shielding layer 22 formed on
the etching stopper and mask layer 21, an adhesion enhance-
ment layer 60 formed on the auxiliary light shielding film 20,
and a resist {ilm 100.

FIG. 5 shows one example of a mask blank according to a
fifth embodiment of the present invention. As shown 1n FIG.
5, the fifth embodiment includes a light shielding film 10
having a multilayer structure composed of a light shielding
layer 11 and a surface anti-reflection layer 12, which are
formed on a transparent substrate 1, an auxiliary light shield-
ing film 20 having a multilayer structure composed of an
etching stopper and mask layer 21 formed on the light shield-
ing film 10 and an auxiliary light shielding layer 22 formed on
the etching stopper and mask layer 21, an etching mask film
70 formed on the auxihary light shielding film 20, and a resist
{1lm 100.

In the present disclosure, the optical density for the expo-
sure light 1n the multilayer structure of the light shielding film
and the auxiliary light shielding film 1s preferably 3.1 or more.

The above first to fifth embodiments may be applied to a
binary mask blank and a transfer mask that are used for single
exposure, double patterming and double exposure.

I1 the transfer mask 1s used for single exposure and double
patterning, the optical density 1n a light shielding band con-
stituted by the light shielding film and the auxihiary light
shielding film 1s in some embodiments preferably 2.8 or more
(0.16% or less i terms of transmittance), more preferably 3.0
or more (0.1% or less 1n terms of transmittance). For example,
if the optical density of the light shielding film 10 1s 2.0, the
optical density of the auxihiary light shielding film 20 1is
preferably 0.8 or more, more preferably 1.0.

On the other hand, in the case of a transfer mask used 1n
double exposure, the optical density in the light shielding
band 1n some embodiments 1s preferably 3.1 or more (0.08%
or less 1n terms of transmittance). For example, 1f the optical
density of the light shielding film 10 1s 2.0, the optical density
of the auxiliary light shielding film 20 1s preferably 1.1 or
more. If the optical density required for the light shielding
band 1s more securely 3.3 or more (0.05% or less in terms of
transmittance), the optical density of the auxiliary light
shielding film 20 1s preferably 1.3 or more. I the optical
density required for the light shielding band 1s 3.5 or more
(0.03% or less 1n terms of transmittance), the optical density
of the auxiliary light shielding film 20 1s preferably 1.5 or
more.

In the present disclosure, since the light shielding film 10 1s
separated from the auxiliary light shielding film 20, 1t 1s
possible to cope with the high optical density required for a
region where the light shielding band 1s to be formed, such as
in double exposure, while having no effect on a light shielding
pattern (hence an EMF property).

As used herein, the double patterning refers to patterning a
waler by twice performing a series of processes mncluding
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resist coating, exposure, development and resist stripping.
That 1s, exposure of a transier pattern 1s performed once for a
resist on the wafter, like the conventional single exposure, and
exposure 1s performed for superimposing exposure portions
by light leakage at a maximum of four times.

In the present disclosure, the light shielding layer 11 1s
preferably made in some embodiments of material having
light shieldability higher than that of chromium.

The light shuelding layer 11 can also be made of transition
metal silicide-based or Ta-based material having light shield-
ability higher than that of chromium. Materials developed to
turther increase the optical density of the light shielding layer
11 may also be used.

In the present disclosure, examples of the transition metal
used may include molybdenum (Mo), tantalum (1a), chro-
mium (Cr), tungsten (W), titanium (11), zircomum (Zr), vana-
dium (V), niobium (Nb), mickel (Ni), palladium (Pb),
hatnium (HI), ruthenium (Ru), rhodium (Rh), platinum (Pt),
and an alloy thereof.

The light shielding layer 11 can be made of material having,
extreme light shieldability (high MoSi-based material). The
light shuelding layer 11 may employ Ta-based material (such
as TaN, TaB, TaBN or the like).

In the present disclosure, the light shielding layer 11 may
be made of transition metal, transition metal silicide, or com-
pounds thereol added with nitrogen, oxygen, carbon, hydro-
gen, iert gas (such as helium, argon, xenon or the like). In
this case, the light shielding layer 11 should satisty the con-
ditions that 1ts thickness 1s 40 nm or less and a combination of
its optical density and the optical density of the surface anti-
reflection layer 12 1s 2.0 or more.

In the present disclosure, the light shielding layer can be
made of material containing transition metal silicide of 90%
Or more.

This 1s to obtain high light shieldability of an optical den-
sity of 2.0 or more even when the total thickness of the light
shielding film 10 including the surface anti-retlection layer 12
1s 40 nm or less. In addition, in order to secure this light
shieldabaility, there 1s a need to set the total content of material
[carbon, hydrogen, oxygen, mitrogen, inert gas (such as
helium, argon, xenon or the like), and so on] other than the
transition metal silicide to be less than 10% 1n the light shield-
ing layer 11, which has little effect on light shieldability.

For example, 1T the light shielding layer 11 1s made of
MoSi-based matenal, 1ts thickness may be 34 to 30 nm and 1ts
optical density may be 2.3 to 2.0. ITthe light shielding layer 11
1s made of TaN-based material, its thickness may be 34 to 30
nm and 1ts optical density may be 2.3 to 2.0. In the multilayer
structure of the light shuelding layer 11 made of the MoSi-
based material and the surface anti-reflection layer 12, if the
thickness of the light shielding film 1s 40 nm or less, the
thickness of the light shielding layer 11 may be 15 nm or more
and 1ts optical density may be 2.0 or more. In the multilayer
structure of the light shielding layer 11 made of the Ta-based
material and the surface anti-reflection layer 12, 11 the thick-
ness of the light shielding film 1s 40 nm or less, the thickness
of the light shielding layer 11 may be 21 nm or more and 1ts
optical density may be 2.0 or more.

At this point in time (where material having the highest

light shieldability that has been developed so far 1s used), for

example, 11 the allowable optical density concerning an eil

ect
of low optical density on transier 1s set to 2.0, the thickness of
the light shielding film 10 making a full contribution of small
film thickness to overcoming the problem of the electromag-
netic field (EMF) effect 1s 30 nm.
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In the mask blank of the present disclosure, the surface
anti-reflection layer can be made of material consisting essen-
tially of transition metal silicide.

The surface anti-reflection layer 12 can be made of the
same material as the light shielding layer 11 although 1t may
basically employ any material 11 only the multilayer structure
of the surface anti-reflection layer 12 and the light shuelding
layer 11 can achieve surface reflectivity of a certain value or
more. If the light shielding layer 11 1s made of the transition
metal silicide-based material, the surface anti-retlection layer
12 can be made of material (IMS10, MS1N, MS10N, MS10C,
MSI1CN, MS10CN or the like) consisting essentially of tran-
sition metal silicide (MS1). It the light shielding layer 11 1s
made of the Ta-based material, the surface anti-reflection
layer 12 can be made of maternial (TaO, TaON, TaBO, TaBON

or the like) consisting essentially of Ta.

In the present disclosure, the light shielding film 10 or the
light shielding layer 11 can contain material including at least
one of carbon (C) and hydrogen (H) in addition to transition
metal (M) and silicon (S1).

The light shielding film 10 containing material including at
least one of carbon (C) and hydrogen (H) in addition to
transition metal (M) and silicon (S1) provides high light resis-
tance by forming silicon carbide (S1—C bonding), transition
metal carbide (M-C bonding, for example, Mo—C bonding)
and silicon hydride (S1—H bonding), which are hard to be
oxidized in the film when the film 1s sputtered. The light
shielding film 10 further includes chemical bonding such as
M (transition metal)-S1 bonding, S1—=S1 bonding, M-M bond-
ing, M-C bonding, S1—C bonding and S1—H bonding.

In the present disclosure, the use of material including at
least one of carbon (C) and hydrogen (H) in addition to
transition metal (M) and silicon (S1) for the light shielding
f1lm 10 or the light shuelding layer 11 can achieve the follow-
ing operation and effects.

(1) Even when the light shielding film 10 or the light
shielding layer 11 1s continuously irradiated with an ArF
excimer laser with the total amount of irradiation of 30 kJ/cm”
(1.e., when accumulatively 1rradiated with the laser in excess
of conventional mask repeated use time), a thickness (or CD

variation) of line width of a light shielding film pattern that
occurs due to this continuous 1rradiation may be limited to 10
nm or less, and 1n some cases 5 nm or less. This may result in
improvement of light resistance and hence durability of the
transfer mask.

(2) Since an etching rate 1s increased under the existence of
C and/or H (silicon carbide, transition metal carbide and
silicon hydride), a resist film will not be get thick and a
resolution or a pattern precision will not be get deteriorated.
In addition, since etching time can be shortened, 1f an etching
mask film 1s formed on the light shielding film, the etching
mask may be less damaged, which may result 1n higher pre-
cise patterning.

(3) Since extraction of transition metal (for example, Mo)
that occurs due to the accumulative irradiation of the ArF
excimer laser can be reduced, 1t 1s possible to decrease depo-
sition that may be formed on a glass substrate or film due to
the extraction of the transition metal (for example, Mo).
Accordingly, 1t 1s possible to suppress defects due to the
deposits.

In the present disclosure, by performing sputtering film
deposition using a target containing carbon or atmospheric
gas containing carbon, it 1s possible to form a thin film con-
taining transition metal, silicon and carbon and made of sili-
con carbide and/or transition metal carbide.
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As used herein, examples of hydrocarbon gas may include
methane (CH,), ethane (C,H/), propane (C,H,), butane
(C,H,,) and so on.

Using the hydrocarbon allows introduction of carbon and
hydrogen (silicon carbide, transition metal carbide and sili-
con hydride) 1n the film.

Using the target containing carbon allows introduction of
only carbon (silicon carbide and transition metal carbide) 1n
the film. This case may include using a MoS1C target, using a
target containing C in one or both of a Mo target and a S1
target, and using a MoSi1 target and a C target.

In the present disclosure, by performing sputtering film
deposition using atmospheric gas contaiming hydrogen, it 1s
possible to form a thin film containing transition metal, sili-
con and hydrogen and made of silicon hydnde.

This method may allow introduction of only hydrogen
(s1licon hydride) 1n the film.

This method includes using a MoS1 target and using a Mo
target and a S1 target. If carbon (silicon carbide and transition
metal carbide) 1s further contained in the film, this method
includes using a MoSi1C target, using a target containing C 1n
one or both of a Mo target and a S1 target, and using a MoSi1
target and a C target.

In the present disclosure, the thin film 1s preferably formed
by controlling a pressure of the atmospheric gas and/or power
in the sputtering film deposition.

If the pressure of the atmospheric gas 1s low (1n this case a
film formation speed 1s low), 1t 1s considered that carbide
(silicon carbide and transition metal carbide) 1s easily pro-
duced. In addition, 11 power 1s decreased, it 1s also considered
that carbide (silicon carbide and transition metal carbide) 1s
casily produced.

In the present disclosure, the carbide (silicon carbide and
transition metal carbide) 1s produced in this manner and fur-
ther the pressure of the atmospheric gas and/or power 1n the
sputtering film deposition 1s controlled to obtain the above-
described operation and etlects of the present disclosure.

In addition, 1n the present disclosure, the stable S1—C
bonding and/or the stable transition metal M-C bonding are
tormed 1n the sputtering film deposition and further the pres-
sure of the atmospheric gas and/or power 1n the sputtering
film deposition 1s controlled to obtain the above-described
operation and eflects of the present disclosure.

On the other hand, if the pressure of the atmospheric gas 1s
high (in this case a film formation speed 1s high), that the
production of carbide (silicon carbide and transition metal
carbide) 1s deemed to be hard. In addition, if power 1is
decreased, that the production of carbide (silicon carbide and
transition metal carbide) 1s deemed to be hard.

In addition, the content of carbon in the light shielding
layer 11 can be larger than 1 atom % and less than 10 atom %.
I1 the content of carbon in the light shielding layer 11 1s 1 atom
% or less, the production of silicon carbide and/or transition
metal carbide 1s difficult. If the content of carbon 1s 10 atom
% or more, 1t 1s hard to thin the light shielding laver.

The content of hydrogen 1n the light shielding layer 11 can
be larger than 1 atom % and less than 10 atom %. IT the content
of hydrogen 1n the light shielding layer 11 1s 1 atom % or less,
the production of silicon hydride 1s difficult. If the content of
hydrogen 1s 10 atom % or more, 1t 1s hard to form the film.
In the present disclosure, transition metal silicide in the
light shielding layer 11 1s molybdenum silicide and the con-
tent of molybdenum 1n the light shielding layer 11 can be 9
atom % or more to 40 atom % or less.

This 1s because 1n some embodiments it 1s preferable to use
MoSi-based material having optical density higher than that
of chromium-based material.
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The present inventors have discovered that the light shield-
ing layer 11 containing molybdenum silicide having a content
of molybdenum of 9 atom % or more to 40 atom % or less has
high optical density per unit film thickness and provides
relatively large light shieldability for the ArF excimer laser
exposure light, as shown 1n FIG. 6, and even the light shield-
ing film 10 having the total thickness of 40 nm or less [1.¢. the
thickness of the light shielding layer 11 of 35 nm or less 11 the
thickness of the surface anti-reflection layer 12 1s 5 nm or
more], which 1s significantly smaller than conventional used,
provides a certain degree of light shueldability (and optical
density of 2.0 or more).

I1 the content of molybdenum 1n the light shielding layer 11
containing the molybdenum silicide 1s 9 atom % or more,
AOD may be 0.075 nm™"@193.4 nm or more. If the content of

molybdenum 1s 15 atom % or more, AOD can be 0.08
nm~ (@ 193.4 nm or more. If the content of molybdenum 1s 20
atom % or more, AOD can be 0.082 nm™ (@193.4 nm or more.

The content of molybdenum in the light shielding layer 11
containing the molybdenum silicide can be 15 atom % or
more to 40 atom % or less, and can 1n some 1nstances be 19
atom % or more to 40 atom % or less.

Molybdenum silicide has a problem that a high content of
molybdenum may lower chemical resistance and washing
resistance (in particular, against alkali washing or warm water
washing). In some instances the content of molybdenum can
be set to be 40 atom % or less, which can secure the minimum
ol chemicals resistance and washing resistance required for
use as the transfer mask. In addition, as can be clearly seen
from FIG. 6, light shieldability of molybdenum silicide has a
limit at a certain point of the content of molybdenum. The
upper limit of the content of molybdenum can be 40 atom %o,
which provides certain width at a stable stoichiometric rate of
molybdenum silicide. If the content of molybdenum 1s
beyond the upper limit, the chemaicals resistance and washing
resistance are lowered.

In addition, the content of Mo in the light shielding layer 11
can be 9 atom % or more to 40 atom % or less since the content
of Mo out of this range may relatively increase an etching rat
¢ 1n dry etching using fluorine-based gas.

In addition, the light shielding layer containing the molyb-
denum silicide may contain other elements [carbon, oxygen,
nitrogen, hydrogen, 1inert gas (such as helium, argon, xenon or
the like) and so on] within a range of content (less than 10
atom %) where the above-mentioned features, operation and
clfects are not damaged.

In the present disclosure, the lower limit of thickness of the
light shielding layer 11 made of molybdenum silicide can be
24 nm or more, and 1n some 1nstances 27 nm or more, and its
upper limit can be less than 40 nm, and 1n some instances less
than 35 nm. In addition, 1n order to secure an optical density
o1 2.0 or more 1n the multilayer structure of the light shielding
layer 11 made of molybdenum silicide and the surface anti-
reflection layer 12, the lower limit of thickness of the light
shielding layer 11 may be 15 nm.

In the present disclosure, a tensile stress and a compressive
stress of the MoSi1-based light shielding layer 11 can be freely
controlled using an internal gas pressure of a sputter and
heating treatment. For example, by controlling a film stress of
the MoSi-based light shielding layer 11 to be a tensile stress,
the tensile stress may be 1n harmony with a compressive stress
of the surface anti-reflection layer 12 (imade of, for example,
MoS10N). That 1s, since the stresses of both layers constitut-
ing the light shielding film 10 can cancel each other, the film
stress of the light shielding film 10 can be mimimized (sub-
stantially zero).
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In the present disclosure, examples of a molybdenum sili-
cide compound containing at least one of oxygen and nitro-
gen 1n the surface anti-reflection layer 12 may include
MoS10N, MoS10, MoS1N, MoS10C, MoS10CN and the like.
Among these, MoS10 and MoS10N can be used from a view-
point of chemical resistance and heat resistance and MoS10N
can be used from a viewpoint of blank defect quality. In
addition, more Mo provides lower washing resistance, par-
ticularly lower resistance to alkaline water (such as ammoma
water) or warm water. In this respect, the content of Mo 1n the
surface anti-retlection layer 12 can be minimized.

In addition, 1t has been found that a high content of Mo
causes an effect of turbidly whitening a surface of the film
(turbidity effect) when heat treatment (annealing) 1s carried
out at high temperature for the purpose of stress control. It 1s
considered that this 1s because MoO 1s extracted from the
surface of the film. To avoid such a turbidity effect, the con-
tent of Mo 1n the surface anti-reflection layer 12 can be less
than 10 atom %. However, too low content of Mo may cause
noticeable abnormal discharging in DC sputtering, which
may result in increased frequency of defects. Accordingly, the
content of Mo 1s can be within a range to allow normal
sputtering. In some cases, the film may be formed using other
film formation techniques with no content of Mo.

In the present disclosure, the light shielding film 10 can be
made of Ta-based matenial.

This 1s because use of a Ta-based maternial having optical
density higher than that of chromium-based material may
allow for a total thickness of 40 nm or less, which 1s decreas-
ingly atfected by EMF, and a density of 2.0 or more of the
light shielding film 10.

The Ta-based light shielding film 10 may have a multilayer
structure of the light shuelding layer 11 and the surface anti-
reflection layer 12, both layers being made of tantalum or a
compound thereotf. Examples of the tantalum compound may
include tantalum nitride, tantalum oxide, tantalum boride,
tantalum carbide and so on.

In the present disclosure, the light shielding film 10 has a
two-layer structure including the light shielding layer 11
made of tantalum nitride and the surface anti-retlection layer
12 that 1s formed 1n contact with the light shielding layer 11
and 1s made of tantalum oxide.

Nitridization of tantalum of the light shielding layer 11
allows prevention of oxidization of transier pattern side walls
of the light shielding film 10 after the transier mask 1s pre-
pared. On the other hand, 1n order to secure high light shield-
ability, the content of nitrogen 1s required to be as low as
possible. In these respects, the content of nitrogen in the light
shielding layer can be 1 atom % or more to 20 atom %, and 1n
some cases 5 atom % or more to 10 atom %.

The surface anti-reflection layer 12 made of tantalum oxide
containing oxygen of 50 atom % or more can be used because
of 1ts excellent anti-reflection eflect.

The above configuration promotes anti-reflection at a front
surface of the light shielding film 10. In this manner, further
thinness by a structure with no rear surface anti-retlection
layer 1s effective in overcoming the problem of the electro-
magnetic field (EMF) ettect.

In the present disclosure, the total thickness of the light
shielding film 10 having a multilayer structure of the light
shielding layer 11 and the surface anti-reflection layer 12 can
be 40 nm or less, 1ts optical density for ArF exposure light can
be at least 2.0 or more, and its surface retlectivity can be a
predetermined value or less (for example, 30% or less).

In design of this light shielding film 10, although 1n many
cases contribution to optical density depends substantially on
the light shielding layer 11, the surface anti-reflection layer
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12 may be configured to make some contribution to the opti-
cal density. Here, the conventional film configuration where
the contribution to optical density depends substantially on
the light shielding layer 11 has a varying appropriate range of
refractive index (n) and extinction coelficient (k) of the light
shielding layer 11 and the surface anti-reflectionlayer 12. The
tollowing refractive mndex (n) and extinction coetlicient (k)
are numerical values for ArF exposure light (having a wave-
length of 193 nm), which 1s equally applied to the following
description.

I1 the surface anti-retlection layer 12 1s configured to make
some contribution to the optical density, the extinction coel-
ficient (k) of the light shielding layer 11 may be somewhat
lowered. For example, the extinction coeliicient (k) of the
light shielding layer 11 may be 1.8 or more, and 1n some cases
1.9 or more, and 1n other cases 2.0 or more. The extinction
coellicient (k) of the light shielding layer 11 may be 2.4 or
less, 1n some cases 2.3 or less, and 1n other cases 2.2 or less.

On the other hand, the refractive index (n) of the light
shielding layer 11 for this case i1s can be somewhat low. For
example, the refractive index (n) of the light shielding layer
11 may be 1.5 or more, 1n some cases 1.6 or more, and 1n other
cases 1.7 or more. In addition, the extin ction coelfficient (k) of
the light shielding layer 11 may be 2.4 or less, 1n some cases
2.0 or less, an 1n other cases 1.8 or less.

If the surface anti-reflection layer 12 is configured to make
some contribution to the optical density, the extinction coel-
ficient (k) of the surface retlection layer 12 increases some-
what. For example, the extinction coetlicient (k) of the sur-
face reflection layer 12 may be 0.7 or more, in some cases 0.8
or more, and 1n other cases 0.9 or more. The extinction coet-
ficient (k) of the surface reflection layer 12 may be 1.5 or less,
1n some cases 1.4 or less, and 1n other cases 1.3 or less.

On the other hand, the refractive index (n) of the surface
anti-reflection layer 12 for this case can be somewhat lower
than usual 1n order to provide low reflection. For example, the
refractive index (n) of the surface anti-reflection layer 12 may
be 1.7 or more, 1n some cases 1.8 or more, and 1n other cases
1.9 or more. The refractive index (n) of the surface anti-
reflection layer 12 may be 2.4 or less, 1n some cases 2.2 or
less, and 1n other cases 2.0 or less.

In the present disclosure, the auxiliary shielding film can
have resistance to etching gas used 1n etching the light shield-
ing film.

For example, this 1s to manufacture a transier mask 1n
which a transfer pattern 1s formed by only the light shielding
f1lm 10 and a light shielding band 1s formed 1n the periphery
ol a transier pattern area, as 1n the first to third embodiments
shown 1n FIG. 1 to FIG. 3, respectwelyj where the auxiliary
light shielding film 20 1s formed 1n contact with the 1g"1t
shielding film 10. In addition, this i1s also to etch the light
shielding film 10 using the auxiliary light shielding film 20 as
an etching mask.

In one aspect of the present disclosure, the auxiliary light
shielding film 20 can be made of material mainly containing,
one of chromium, chromium nitride, chromium oxide, chro-
mium oxynitride and chromium oxide/carbide/nitride.

Material (metal silicide-based and Ta-based) that can be
adopted for the light shielding film 10 1s mostly material that
can be dry-etched using fluorine-based gas. Accordingly,
material resistant to the fluorine-based gas can be used for the
auxiliary light shielding film 20. Chromium-based material 1s
material that 1s highly resistant to the fluorine-based gas and
can be basically dry-etched using a mixture of chlorine and
oxygen, and accordingly, the underlying light shielding film
10 may function as an etching stopper when a transfer pattern
tformed on an upper layer (for example, the resist film 100 or
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the like) of the auxiliary light shielding film 20 1s dry-etched
to be transferred onto the auxiliary light shielding film 20. As
a result, the underlying light shielding film 10 can be dry-
ctched to transter the transfer pattern using the auxiliary light
shielding film 20 as an etching mask, which allows formation
of the transier pattern on the light shuelding film 10 with high
precision.

In the present disclosure, the auxiliary light shielding film
20 may be made of material that comprises unitary chromium
or a compound of chromium and at least one of oxygen,
nitrogen, carbon and hydrogen. The auxiliary light shielding,
film 20 may have a single layer or multilayer structure made
of the above film material. The multilayer structure may be a
multilayer structure having different compositions formed
step by step or a film structure having continuously varying
compositions.

In one aspect of the present disclosure, the auxiliary light
shielding film 20 can contain at least one of nitrogen and
oxygen 1n addition to chromium and has a thickness of 20 nm
and the content of chromium in the film 1s 50 atom % or less.

For example, 1n the first to third embodiments shown in
FIG. 1 to FIG. 3, if the light shielding film 10 1s made of
MoSi-based material, the auxiliary light shielding film 20
may contain at least one of nitrogen and oxygen in addition to
chromium, resist film thickness may be reduced with an
increased etching rate of the auxiliary light shielding film 20
by setting the content of chromium 1n the film to be 50 atom
% or less, 1n some cases 45 atom % or less, and an optical
density o1 0.8 or more for the auxiliary light shielding film 20
may be secured by setting the film thickness to 20 nm or more.

In the present disclosure, the thickness of the auxiliary light
shielding film 20 made of chromium-based material can be 20
nm to 40 nm.

In the present disclosure, an etching mask film resistant to
etching gas used 1n etching the auxihiary light shielding film
can be formed on the auxiliary light shielding film.

For example, in the second and third embodiments shown
in FI1G. 2 and FIG. 3, if the auxiliary light shielding film 20 1s
made of a chromium-based material, material resistant to dry
ctching 1n a mixture of chlorine and oxygen can be selected
for the etching mask film 30. For example, the etching mask
film 30 can be made of silicon oxide, silicon nitride, silicon
oxynitride, or material containing a low percentage (8% or
less) of transition metal 1n addition thereto. The transition
metal can be the same as that applied to the light shielding
layer 11.

In addition, as 1n the second embodiment shown 1n FIG. 2,
the adhesion enhancement layer 60 may be formed to
increase adhesion between the resist film 100 and the etching
mask 30. For example, the adhesion enhancement layer 60
may be formed by subjecting a hexamethyldisilazane
(HMDS) layer on a surface of the etching mask 30 to an
evaporating and scattering process. In addition, the adhesion
enhancement layer 60 may be formed of a resin layer, which
1s etched along with the etching mask 30 when the etching
mask 30 1s dry-etched using a resist pattern as a mask without
being dissolved 1n a developing solution used in forming the
resist pattern on the resist film 100 and which 1s removed
along with the resist pattern when the resist pattern is
removed (for example, 1n solvent removal or oxygen plasma
ashing).

In addition, as 1in the third embodiment shown in FI1G. 3, the
second etching mask film 40 may be formed on the etching
mask 30 (corresponding to the etching mask 30 of FIG. 2).
The second etching mask 40 can be made of a chromium-
based material 1f the etching mask 30 1s made of the silicon-
based material or the transition metal-based materal.
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In the present disclosure, the auxiliary light shielding film
can 1nclude an auxiliary light shielding layer and an etching
stopper and mask layer, which 1s interposed between the light
shielding film and the auxiliary light shielding layer and 1s
resistant to both of etching gas used to etch the auxiliary light

shielding layer and etching gas used to etch the light shielding
f1lm.

In one aspect of the present disclosure, the etching stopper
and mask layer can contain at least one of nitrogen and oxy-
gen, 1n addition to chromium. The content of chromium in the
layer 1s 50 atom % or less and 1ts thickness 1s 5 nm or more to
20 nm or less.

In one aspect of the present disclosure, the auxiliary light
shielding layer 1s made of material consisting essentially of
transition metal silicide.

For example, as 1n the fourth embodiment of FIG. 4, since
the etching stopper and mask layer 21 of the auxiliary light
shielding film 20 formed on the light shuelding layer 10 can be
used as an etching mask when the light shielding film 10 1s
ctched to form a transfer pattern, the etching mask can be
further thinned as compared to when the auxiliary light
shielding film 20 having limited optical density 1s used as an
etching mask, which may result 1n formation of a transfer
pattern with high precision by the light shielding film 10.

The auxiliary light shielding layer 22 may be made of
material to be etched by etching gas used to etch the light
shielding film 10. The auxiliary light shielding layer 22 may
be made of the same matenal as the light shielding film 10.

In the present disclosure, the auxiliary light shielding layer
22 may be formed of a metal film containing metal.

An example of the metal {ilm containing metal may include
a 11lm made of tantalum, molybdenum, titanium, hafnium,
tungsten or an alloy thereof, or material containing one of
these elements or an alloy thereot (for example, a film con-
taining one of these elements or an alloy thereof and at least
one of oxygen, nitrogen, silicon and carbon). The metal film
may have a multilayer structure having different composi-
tions formed step by step or a multilayer structure having
continuously varying compositions.

In the present disclosure, the auxiliary light shielding layer
22 may be made of transition metal silicide or compounds
thereol added with nitrogen, oxygen, carbon, hydrogen or
inert gas (such as helium, argon, xenon or the like).

In the present disclosure, the metal film may be made of
material containing one or two selected from a group consist-
ing ol aluminum, titanium, vanadium, chromium, zirconium,
niobium, molybdenum, lanthanum, tantalum, tungsten, sili-
con, and haitnium, or nitride, oxide, oxynitride or carbide
thereof.

The auxiliary light shielding layer 22 can be made of Mo Si-
based material.

For example, this 1s because the etching stopper and mask
layer 21 can be made of chromium-based material and the
auxiliary light shielding layer 22 can be made of MoSi-based
matenal 11 the light shielding film 10 1s made of MoSi1-based
material. Since the MoSi-based material can select a film
having high light shieldability, the auxiliary light shielding
layer 22 can be further thinned.

In the present disclosure, the thickness of the auxiliary light
shielding layer 22 made of the MoSi1-based material can be 10
nm to 30 nm if the content of molybdenum in the auxiliary
light shielding layer 22 1s 20 atom %.

In addition, as in the second embodiment, the adhesion
enhancement layer 60 formed of the HMDS layer or the resin
layer 1s formed to enhance adhesion between the resist film
100 and the auxiliary light shielding layer 22.
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In the present disclosure, etching mask films such as the
second etching mask film 40, the etching mask film 70 and the
ctching stopper and mask layer 21 may be made of chro-
mium-based material.

As the etching mask films may be formed of the chromium-
based material 1n this manner, it becomes possible to make the
ctching mask films thin. In addition, such etching mask films
provide high processing precision. Further, due to high etch-
ing selectivity for a layer formed 1n vertical contact with an
etching mask film, the etching mask film can be removed (1f
it becomes unnecessary) without doing damage to other lay-
ers.

In the present disclosure, the etching mask films may be
made of maternial that comprises unitary chromium or a com-
pound of chromium and at least one of oxygen, nitrogen,
carbon and hydrogen. The etching mask films may have a
single layer or multilayer structure made of the above film
material. The multilayer structure may be a multilayer struc-
ture having different compositions formed step by step or a
film structure having continuously varying compositions.

In the present disclosure, the thickness of the etching mask
films can be 5 nm to 20 nm. This configuration can obtain a
transier mask 1n which an amount of shift of a CD (Critical
Dimension) of an etched film to a CD of the etching mask film
(a variation of pattern dimension of the etched film to pattern
dimension of the etching mask film) 1s less than 5 nm.

In the present disclosure, the etching mask film can contain
at least one of nitrogen and oxygen 1n addition to chromium.
The content of chromium 1n the film 1s 50 atom % and the
thickness of the {ilm 1s 5 nm or more to 20 nm or less.

The present inventors have discovered that, when a process
1s performed using a mask blank including a MoSi-based
light shielding film, a Cr-based etching mask film and a resist
f1lm (having thickness of 100 nm or less) formed 1n order (1n
contact with each other) on a transparent substrate, (1) there
are some cases where the thickness of the resist film cannot be
reduced only with simple thinness of the etching mask film,
(2) from a viewpoint of reduction in thickness of the resist
film, the Cr-based etching mask film may not be preferred
since an etching rate ot chlorine-based (Cl,+0,) dry etching
1s low 1n Cr-rich material, and accordingly, Cr-based material
that contains a low content of Cr and 1s highly-nitrided/oxi-
dized 1s can be used for the Cr-based etching mask film from
this viewpoint, (3) from a viewpoint of reduction 1n line edge
roughness (LER) of a light shielding film pattern, the Cr-
based etching mask film can be used since Cr-rich material
has high resistance to fluorine-based dry etching, and accord-
ingly, Cr-based material containing the high content of Cr can
be used for the Cr-based etching mask film, (4) 1n consider-
ation of a trade-oil between the above 1tems (2) and (3), the
content of chromium 1n the Cr-based etching mask film 1s 50
atom % or less, 1n some cases 45 atom % or less, and 1n other
cases 35 atom % or less, and the lower limit of the content of
chromium in the Cr-based etching mask film 1s 1n some cases
20 atom % or more, and 1n other cases 30 atom % or more, and
in particular could be 33 atom % or more for a case where the
etching mask film 1s a chromium oxide film, (5) 1n connection
with the 1tems (2) and (4) (that 1s, 1n connection with reduc-
tion 1n etching time of the Cr-based etching mask film), the
thickness of the Cr-based etching mask can be 20 nm or less
from a viewpoint of reduction 1n the thickness of the resist
f1lm, and (6) in connection with the items (3) and (4) (that 1s,
in connection with etching resistance of the Cr-based etching
mask film), since an etching mask has to maintain a mask
pattern until an etching process to transfer a mask pattern onto
an underlying light shielding film 1s completed, the thickness
of the Cr-based etching mask film 1s can be 5 nm or more.
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In the present disclosure, the etching mask film can be
made of material consisting essentially of one of chromium

oxide/carbide/nitride (CrOCN), chromium oxycarbide
(CrOC), chromium oxynitride (CrON) and chromium nitride
(CrN).

The Cr-based material 1s improved 1n 1ts etching rate for
chlorine-based gas as oxidation 1s proceeding. Although just
not as well as 1n oxidation, proceeding of nitridization may
also 1mprove the etching rate for the chlorine-based gas.
Accordingly, the content of chromium 1n the etching mask
film can be 35 atom % or less and the etching mask film can
be highly-oxidized/nitrided.

In addition, from a viewpoint of high film defect quality,
the etching mask film 1s can be made of chromium oxide/
carbide/nitride or chromium oxycarbide. From a viewpoint of
stress controllability (formability of a low stress film), the
etching mask film can be made of chromium oxide/carbide/
nitride (CrOCN).

The etching mask film may have a single layer or multi-
layer structure made of the above film matenial. The multi-
layer structure may be a multilayer structure having different
compositions formed step by step or a film structure having
continuously varying compositions.

In the present disclosure, the etching mask film can be
made of chromium oxide/carbide/nitride or chromium oxy-
carbide, can use a mixture gas including at least “CO, gas, N,
gas and rare gas” or “CO, gas and rare gas” (or selects a gas
system having a low hysteresis) using a chromium target, and
can be formed under a condition near where transition from a
metal mode to a reaction mode begins, or close to the reaction
mode.

This 1s because a film having a high etching rate can be
stably fabricated 1n a DC sputter.

Specifically, FIG. 7 shows a relationship between a voltage
[V] (corresponding to a film formation rate) represented by a
vertical axis and a gas tlow rate represented by a horizontal
axis under a condition where plasma 1s formed 1n a DC
sputter.

A voltage plot (in a running path) when the gas tlow rate
represented by the vertical axis 1s increased from O to 50 sccm
does not coincide with a voltage plot (in a return path) when
it 1s decreased from 50 to O sccm, which 1s referred to as a
so-called “hysteresis.”

The metal mode 1indicates an area where a high voltage (for
example, 330 to 350 V) 1s maintained (an area where Cr 10ns
are sputtered into Ar), the transition mode indicates an area
where a voltage 1s suddenly decreased, and the reaction mode
indicates an area after the voltage 1s suddenly decreased (an
area where the suddenly-decreased voltage remains at 290 to
310 V or an area where gas 1s activated to show reactivity).

The metal mode corresponds to an area of O to 30 sccm 1n
FI1G. 7A, an area of 0 to 25 sccm 1n FIG. 7B, and an area 01 0

to 32 sccm 1n FIG. 7C.

The transition mode corresponds to an area of 35 to 30
sccm 1n an increasing mode 1 FIG. 7A, an area of 35 to 50
sccm 1n the increasing mode in FIG. 7B, and an area of 43 to
50 sccm 1n the increasing mode 1n FIG. 7C.

The reaction mode corresponds to an area of 50 to 35 sccm
in a decreasing mode 1n FIG. 7A, an area of 50 to 35 sccm 1n
a decreasing mode 1n FIG. 7B, and an area o1 48 to 32 sccm 1n
a decreasing mode 1 FI1G. 7C.

A chromium {ilm having very low oxidation and nitridiza-
tion 1s formed 1n the metal mode, a chromium film having
very high oxidation and nitridization 1s formed 1n the reaction
mode, and an intermediate mode between the metal mode and
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the reaction mode (that 1s, the transition mode from the metal
mode to the reaction mode) 1s not typically used since its
conditions are not stable.

A variety of gas systems may be used to oxidize and nitride
chromium. For example, as shown in FIG. 7C, if a gas system
having high hysteresis (for example, NO gas+rare gas) 1s
used, 1t 1s difficult to form an oxidized/nitrided chromium
f1lm stably with little defect 1in the reaction mode using the DC
sputter. It may be the same when a gas system of O, gas+rare
gas 1s applied.

On the other hand, as shown 1n FIG. 7A and FIG. 7B, 1if a
gas system having low hysteresis (for example, CO, gas+rare

gas 1n FIG. 7A and CO, gas+N,gas+rare gas in FIG. 7B) 1s

used, 1t 1s possible to form an oxidized/nitrided chromium
f1lm with a high etching rate, stably and with little defectin the
reaction mode (an area of the decreasing mode of 40 to 30
sccm 1n FIG. 7A and an area of the decreasing mode of 35 to
25 sccm 1n FIG. 7B) using the DC sputter. In particular, by
performing a film formation process at a place (condition)
where the increasing mode near the tlow rate of 35 sccm 1n
FIG. 7A or FIG. 7B 1s slightly deviated from the decreasing
mode, that 1s, under a condition at the start of transition from
the metal mode to the reaction [a condition near immediately
before) where the metal mode begins to transition to the
reaction mode], 1t 1s possible to form an oxidized/nitrided
chromium film with an etching rate, which 1s higher than
those of other conditions, stably and with little defect using
the DC sputter.

The transier mask of the present disclosure 1s manufac-
tured using the above-described mask blank.

Specifically the transfer mask of the present disclosure 1s a
transier mask to which ArF exposure light 1s applied and the
transier mask 1s provided with a light shielding film pattern
having a multilayer structure composed of a light shielding,
layer and a surface anti-retlection layer, which are formed on
a transparent substrate, and having a transfer pattern in a
transier pattern area, and an auxiliary light shielding film
pattern formed on the light shielding film pattern 1n a periph-
eral region of the transier pattern area and having a pattern of
light shielding band, 1n which the film thickness of the light
shielding film pattern 1s 40 nm or less, its optical density for
the exposure light 1s 2.0 or more to 2.7 or less, and the optical
density 1s 2.8 or more for the exposure light of the multilayer
structure of the light shielding film and the auxiliary light
shielding film 1n the light shielding band.

In addition, the thickness of the light shielding layer in the
light shielding film pattern can be 15 nm or more to 33 nm or
less.

As used herein, the transfer pattern area refers to an area
(formed by etching) on a main surface where a transier pat-
tern 1s arranged on a light shielding film. A transfer pattern
(mask pattern) of a semiconductor device 1s typically
arranged 1n an area of 132 mmx104 mm and may be, 1n some
cases, rotated by 90° depending on a position of defect on the
light shielding film or the transparent substrate when the
transier pattern 1s exposed and drawn on a resist film of a
mask blank. Accordingly, the transfer pattern area can be a
132 mm square area around the center of the substrate. In
addition, the light shielding band can be formed 1n the periph-
cral region of the transfer pattern area since the zone 1s to
shield the light leakage of the exposure light with which the
transier pattern area 1s rradiated.

Such configuration shows an eflect of sufliciently over-
coming the problem of the electromagnetic field (EMF)
elfect, which can be a problem for the generation 1n which the
DRAM half pitch (hp) 1s 32 nm specified 1n semiconductor
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device design specifications and the later generations and
provides a practical transtfer mask.

In addition, the transfer mask of the present disclosure may
be applied to a transier mask used for single exposure, double
patterning and double exposure.

In the present disclosure, dry etching gas, which 1s mixture
gas including chlorine-based gas and oxygen gas, can be used
for dry etching of a chromium-based film. This 1s because it 1s
possible to achieve a high dry etching rate and hence short-
ened dry etching time and form a film pattern having a good
section by dry etching the chromium-based film made of
material containing elements such as chromium, oxygen,
nitrogen and so on using the dry etching gas. Examples of the
chlorine-based gas included i1n the dry etching gas may
include Cl,, S1Cl,, HCI, CCl,, CHCI, and so on.

In the present disclosure, for example, fluorine-based gas
such as SF, CF,, C,F ., CHF, and so on, mixture gas includ-
ing He, H,, N,, Ar, C,H,, O, and so on in addition to the
fluorine-based gas, chlorine-based gas such as Cl,, CH,Cl,
and so on, or mixture gas including He, H,, N,, Ar, C,H, and
so on 1n addition to the chlorine-based gas may be used for
dry-etching of a metal silicide-based film.

In the present disclosure, a resist forming the resist film 100
can be a chemically-amplified resist since 1t 1s adapted to high
precision processing.

The present mvention 1s applied to a mask blank of the
generation aiming at a resist having thickness of 100 nm or
less, 75 nm or less or 50 nm or less.

In the present disclosure, the resist can be a resist for
clectron beam lithography since it 1s adapted to high precision
processing.

The present invention 1s applied to a mask blank for elec-
tron beam lithography to form a resist pattern using the elec-
tron beam lithography.

In the present disclosure, examples of the transparent sub-
strate 1 may include a synthetic quartz substrate, a Cak,
substrate, a soda-lime glass substrate, a non-alkaline glass
substrate, a low thermal expansion glass substrate, an alu-
mino silicate glass and so on.

In the present disclosure, the mask blank may include a
resist-containing mask blank.

In the present disclosure, the transfer mask may a binary
mask (reticle) using no phase shift effect.

EXAMPLES

Heremaftter, examples of the present mmvention will be
described 1in more detail.

Example (1-1)

(Manufacture of a Mask Blank)

FIG. 11s a sectional view of a binary mask blank according,
to Example (1-1). A synthetic quartz glass substrate having a
s1ze ol 6 1inch square and a thickness of 0.25 inches was used
as the transparent substrate 1 and a MoS1CH film (the light
shielding layer 11) and a MoS10ON {ilm (the surface anti-
reflection layer 12) were formed as the light shuelding film 10
on the transparent substrate 1.

Specifically, a DC magnetron sputter was used, and a target
of Mo:S1=21 atom %:79 atom % was used to form a film
comprising molybdenum, silicon, carbon and hydrogen (Mo:
19.8 atom %, S1:76.7 atom %, C:2.0 atom % and H:1.5 atom
%) at a film thickness of 15 nm under a mixture gas atmo-

sphere of Ar, CH, and He (a gas tlow rate Ar:CH_:He=10:1:
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50)under conditions of gas pressure:0.3 Paand DC power:2.0
kW, thereby forming the MoS1CH film (the light shielding

layer 11).

Next, a target of Mo:S1=4 atom %:96 atom % was used to
form a film comprising molybdenum, silicon, oxygen and °
nitrogen (Mo:2.6 atom %, S1:57.1 atom %, O:15.9 atom %

and N:24.4 atom %) at a film thickness of 15 nm under a
mixture gas atmosphere ot Ar, O,, N, and He (a gas flow rate

Ar:0O,:N,:He=6:5:11:16) under conditions of gas pressure:
0.1 Pa and DC power:3.0 kW, thereby forming the MoS1ON
film (the surface anti-retlection layer 12).

The total thickness of the light shielding film 10 was set to
30 nm. The optical density (OD) of the light shielding film 10
was 2.0 at a wavelength of 193 nm of ArF excimer laser
exposure light.

Next, the substrate was heated (annealed) at 450° C. for 30
minutes.

Next, the auxiliary light shielding film 20 was formed on
the light shielding film 10 [FIG. 8A]. 20
Specifically, a chromium target was used to form a CrOCN

film (the content of Cr in the film:33 atom %) at a film
thickness of 30 nm under a mixture gas atmosphere of Ar,
CO,, N, and He (a gas flow rate Ar:CO,:N,:He=21:37:11:31)
under a condition (near a CO,, flow rate o137 sccm) at the start 25
(immediately before) of transition from the metal mode to the
reaction mode (see F1G. 7B) under conditions of gas pressure:

0.2 Pa, DC power: 1.8 kKW and voltage: 334 V. At this time, the
CrOCN film was annealed at a temperature lower than an
annealing temperature of the light shielding film 10 such that 30
a film stress of the CrOCN film 1s mimimized (preferably
substantially zero) without having any effect on a film stress

of the light shielding film 10.

Thus, amask blank having the auxiliary light shielding film
20 and the light shielding film 10 for ArF excimer laser 35
exposure and single exposure was obtained.

In addition, an analysis on elements of the film was made
using Rutherford back scattering analysis. This 1s equally
applied to the following Examples and comparative
examples. 40

In the binary mask blank of Example (1-1) shown 1n FIG.

1, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of
MoS1CH where the content of Mo 15 19.8 atom % 1n the film
and the surface anti-reflection layer 12 made of MoS1ON 45
where the content of Mo 1s 2.6 atom % 1n the film. The
thickness of the light shielding film 10 1s 30 nm and its optical
density 1s 2.0.

The auxiliary light shielding film 20 1s made of CrOCN
including the content of Cr of 33 atom % 1n the film, 1ts 50
thickness 1s 30 nm and its optical density 1s 0.8.

(Manufacture of a Transfer Mask)

A chemically-amplified positive resist 100 (PRLO0O9 avail-
able from Fuji Film FElectronics Material Company) of thick-
ness of 100 nm for electron beam drawing (exposure) was 55
applied on the auxiliary light shielding film 20 of the mask
blank using spin coating [FIG. 1 and FIG. 8A].

Next, the resist film 100 was drawn to have a desired
pattern using an electron beam drawing apparatus and was
developed with a developer to form aresist pattern 100q [FIG. 60
8B].

Next, an auxihiary light shielding film pattern 20a was
formed by dry etching the auxiliary light shielding film 20
using the resist pattern 100q as a mask [FI1G. 8C]. A mixture
gas of Cl, and O, (Cl,:0,=4:1) was used as a dry etching gas. 65

Next, a residual resist pattern 100a was stripped away by a
chemical solution.
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Next, using the auxiliary light shielding film pattern 20q as
a mask, the light shielding film 10 1s dry-etched using a

mixture gas ol SF, and He to form a light shielding film
pattern 10a |F1G. 8D)].

Next, the resist pattern 100q 1s stripped away and a resist
f1lm 110 of a positive resist (FEP171 available from Fuji Film
Electronics Material Company) of thickness of 200 nm for
clectron beam drawing (exposure) was applied on the sub-
strate using spin coating [FIG. 8E].

Next, the resist film 110 1s drawn and exposed to form a
light shielding portion (light shuelding band) pattern using an
clectron beam drawing apparatus and was developed with a
developer to form a resist pattern 11056 [FIG. 8F], and then,
using the resist pattern 110a as a mask, the auxiliary light
shielding film pattern 20a 1s dry-etched using a mixture gas of
Cl, and O, (Cl,:0,=4:1) to form an auxiliary light shuelding
film pattern 206 [FIG. 8G].

Next, the resist pattern 1106 was stripped away and then a
washing process was carried out to obtain a binary transier
mask having a light shielding portion (light shielding band)
80 including the auxiliary light shielding film pattern 205 and
the underlying light shielding film pattern 10a [FIG. 8H].

It was confirmed that the binary transfer mask of Example
(1-1) shows an effect of suiliciently overcoming the problem
of the electromagnetic field (EMF) effect, which can be a
problem for the generation 1n which the DRAM half pitch
(hp) 1s 32 nm specified 1n semiconductor device design speci-
fications and the later generations, with ArF exposure light,
and provides a practical transier mask.

In addition, although in the example of manufacture of the
transier mask the resist pattern 100q 1s stripped away after
forming the auxiliary light shielding film pattern 20q, the
resist pattern 100a may be stripped away atter the light shield-

ing {ilm pattern 10a 1s formed.

Example (1-2)

(Manufacture of a Mask Blank)

Example (1-2) 1s similar to Example (1-1) except that the
light shielding layer 11 1s prepared under the following con-
ditions and the content of Mo 1n the MoS1CH film 1s 32.3 atom
%.

A target of Mo:S1=1:2 was used to form a film comprising
molybdenum, silicon, carbon and hydrogen (Mo0:32.3 atom
%, S1:64.6 atom %, C:1.8 atom % and H:1.3 atom %) at a film
thickness of 15 nm under a mixture gas atmosphere of Ar,
CH,_ and He (a gas flow rate Ar:CH_,:He=10:1:50) under con-
ditions of gas pressure:0.1 Pa and DC power:2.0 kW, thereby
forming the MoS1CH film (the light shielding layer 11).

In the binary mask blank of Example (1-2) shown in FIG.
1, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of
MoS1CH including the content of Mo of 32.3 atom % 1n the
f1lm and the surface anti-reflection layer 12 made of MoS10ON
including the content of Mo of 2.6 atom % 1n the film. The
thickness of the light shielding film 10 1s 30 nm and 1ts optical
density 1s 2.0.

The auxiliary light shielding film 20 1s made of CrOCN
including the content of Cr of 33 atom % 1n the film, 1ts
thickness 1s 30 nm and its optical density 1s 0.8.

(Manufacture of a Transier Mask)

Like Example (1-1), a binary transier mask of Example
(1-2) was prepared using the binary mask blank of Example
(1-2).

It was confirmed that the binary transier mask of Example
(1-2) shows an eflect of sulliciently overcoming the problem
of the electromagnetic field (EMF) effect, which can be a
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problem for the generation 1n which the DRAM half pitch
(hp) 1s 32 nm specified 1n semiconductor device design speci-
fications and the later generations, with ArF exposure light,
and provides a practical transfer mask.

Example (1-3)

(Manutacture of a Mask Blank)

FI1G. 11s a sectional view of a binary mask blank according
to Example (1-3). A synthetic quartz glass substrate having a
s1ze of 6 inch square and a thickness of 0.25 inches was used

as the transparent substrate 1 and a tantalum nitride (TalN)
film (the light shielding layer 11) and a tantalum oxide (TaO)

f1lm (the surface anti-reflection layer 12) were formed as the
light shielding film 10 on the transparent substrate 1.
Specifically, a DC magnetron sputter was used, and a Ta

target was used to form a film consisting of tantalum nitride
(TaN) (Ta: 93 atom % and N: 7 atom %) at a film thickness of
26 nm under a mixture gas atmosphere of Ar and N, (a gas
flow rate Ar=39.5 sccm and N,=3 sccm) under conditions of
DC power:1.5 kW. Next, the same Ta target was used to form
a 11lm consisting of tantalum oxide (TaO) (Ta: 42 atom % and
O: 38 atom %) at a film thickness of 10 nm under a mixture
gas atmosphere of Arand O, (a gas tlow rate Ar=38 sccm and
0,=32.5 sccm) under conditions of DC power:0.7 kW.

The total thickness of the light shielding film 10 was set to
36 nm. The optical density (OD) of the light shielding film 10
was 2.0 at a wavelength of 193 nm of ArF excimer laser
exposure light.

Next, the auxiliary light shielding film 20 was formed on
the light shuelding film 10 (FIG. 1).

Specifically, a DC magnetron sputter was used and a chro-
mium target was used to form a CrOCN {ilm (the content of Cr
in the 11lm:33 atom %) at a film thickness of 30 nm under a
mixture gas atmosphere of Ar, CO,, N, and He (a gas tlow rate
Ar:CO,:N,:He=21:37:11:31) under a condition (near a CO,
flow rate of 37 sccm) at the start (immediately before) of
transition from the metal mode to the reaction mode (see FIG.
7B) under conditions of gas pressure:0.2 Pa, DC power:1.8
kW and voltage: 334 V, thereby forming the auxiliary light
shielding film 20.

Thus, a mask blank having the auxiliary light shielding film
20 and the light shielding film 10 for ArF excimer laser
exposure and single exposure was obtained.

In addition, analysis on elements of the film was made
using Rutherford back scattering analysis.

In the binary mask blank of Example (1-3) shown 1n FIG.
1, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of TaN
where the content of N 1s 7 atom % 1n the film and the surface
anti-reflection layer 12 made of TaO where the content ot O 1s
58 atom % 1n the film. The thickness of the light shielding film
10 1s 36 nm and 1its optical density 1s 2.0.

The auxiliary light shielding film 20 1s made of CrOCN
including the content of Cr of 33 atom % in the film, 1ts
thickness 1s 30 nm and 1ts optical density 1s 0.8.

(Manutacture of a Transier Mask)

A chemically-amplified positive resist 100 (PRLO0O9 avail-
able from Fuj1 Film Electronics Material Company) of thick-
ness of 100 nm for electron beam drawing (exposure) was
applied on the auxiliary light shielding film 20 of the mask
blank using spin coating [FIG. 1 and FIG. 8A].

Next, the resist film 100 was drawn to have a desired
pattern using an electron beam drawing apparatus and was
developed with a developer to form a resist pattern 100q [FIG.

8B].
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Next, an auxiliary light shielding film pattern 20a was
formed by dry etching the auxiliary light shielding film 20

using the resist pattern 100q as a mask [FIG. 8C]. A mixture
gas of Cl, and O, (Cl,:0,=4:1) was used as a dry etching gas.

Next, a residual resist pattern 100a was stripped away by a
chemical solution.

Next, using the auxiliary light shielding film pattern 20q as
a mask, the light shielding film 10 was dry-etched to form a
light shielding film pattern 10a [FIG. 8D]. At this time, a
mixture gas of CHF; and He was used as a dry etching gas for
a tantalum oxide (TaO) layer 12. Cl, gas was used as a dry
ctching gas for a tantalum mitride (TaN) layer 11.

Next, the resist pattern 100q 1s stripped away and a resist
f1lm 110 of a positive resist (FEP1771 available from Fuji Film
Electronics Material Company) of thickness of 200 nm for
clectron beam drawing (exposure) was applied on the sub-
strate using spin coating [FIG. 8E].

Next, the resist film 110 1s drawn and exposed to form a
light shielding portion (light shuelding band) pattern using an
clectron beam drawing apparatus and was developed with a
developer to form a resist pattern 1106 [FIG. 8F], and then,
using the resist pattern 110a as a mask, the auxihary light
shielding film pattern 20a 1s dry-etched using a mixture gas of
Cl, and O, (Cl,:0,=4:1) to form an auxiliary light shielding
film pattern 2056 [FI1G. 8G].

Next, the resist pattern 1106 was stripped away and then a
washing process was carried out to obtain a binary transier
mask having a light shielding portion (light shielding band)
80 including the auxiliary light shielding film pattern 2056 and
the underlying light shielding film pattern 10q [FI1G. 8H].

It was confirmed that the binary transier mask of Example
(1-3) shows an eflect of sulliciently overcoming the problem
of the electromagnetic field (EMF) effect, which can be a
problem for the generation in which the DRAM half pitch
(hp) 1s 32 nm specified 1n semiconductor device design speci-
fications and the later generations, with ArF exposure light,
and provides a practical transfer mask.

Although 1n the example of manufacture of the transfer
mask the resist pattern 100a 1s str1 pped away after forming
the auxiliary light shielding film pattern 20qa, the resist pattern
100a may be stripped away after the light shielding film
pattern 10q 1s formed. In addition, 1n the dry etching of the
light shielding film 10, tantalum oxide of the surface anti-
reflection layer 12 and tantalum nitride of the light shielding
layer 11 may be etched at the same time.

Examples (1-4) to (1-6)

Examples (1-4) to (1-6) are similar to Examples (1-1) to
(1-3) except that an etching mask (hard mask) film 30 1s
formed on the auxiliary light shielding film 20.

In Examples (1-4) to (1-6), as shown 1in FI1G. 2, a MoS10N
f1lm was formed as the etching mask film 30 on the auxiliary
light shielding film 20 shown in each of Examples (1-1) to
(1-3).

Specifically, the same MoS10N film used for the surface
anti-reflection layer 12 was formed at a thickness of 10 nm to
form the etching mask film 30.

Next, a very thin adhesion enhancement layer 60 formed of
a HMDS layer was formed on the etching mask film 30 by
contacting the film 30 to the HMDS that 1s evaporated and
scattered using nitrogen gas. The HMDS layer 1s a hydropho-
bic surface layer to enhance adhesion of a resist.

In the binary mask blank of Example (1-4) shown in FIG.
2, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of
MoS1CH where the content of Mo 1s 19.8 atom % 1n the film
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and the surface anti-reflection layer 12 made of MoSi1ON
where the content of Mo 1s 2.6 atom % 1n the film. The
thickness of the light shielding film 10 1s 30 nm and its optical
density 1s 2.0.

The auxiliary light shielding film 20 1s made of CrOCN
where the content of Cr1s 33 atom % 1n the film, 1ts thickness
1s 30 nm and 1ts optical density 1s 0.8.

Thereon are formed the etching mask film 30 made of
MoS10N where the content of Mo 1s 2.6 atom % 1n the film
and having the thickness of 10 nm and a very thin adhesion
enhancement layer 60 formed of the HMDS layer.

In the binary mask blank of Example (1-5) shown 1n FIG.

2, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of
MoS1CH where the content of Mo 1s 32.3 atom % 1n the film
and the surface anti-reflection layer 12 made of MoS1ON
where the content of Mo 1s 2.6 atom % 1n the film. The
thickness of the light shielding film 10 1s 30 nm and its optical

density 1s 2.0.
The auxiliary light shielding film 20 1s made of CrOCN

where the content of Cr1s 33 atom % 1n the film, 1ts thickness
1s 30 nm and 1ts optical density 1s 0.8.

Thereon are formed the etching mask film 30 made of
MoS10N where the content of Mo 1s 2.6 atom % 1n the film
and having the thickness of 10 nm and the very thin adhesion
enhancement layer 60 formed of the HMDS layer.

In the binary mask blank of Example (1-6) shown 1n FIG.
2, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of TaN
where the content oI N 1s 7 atom % 1n the {ilm and the surface
anti-reflection layer 12 made of TaO where the content ol O 1s
58 atom % 1n the film. The thickness of the light shielding film
10 1s 36 nm and 1ts optical density 1s 2.0.

The auxiliary light shielding film 20 1s made of CrOCN
where the content of Cr1s 33 atom % 1n the film, 1ts thickness
1s 30 nm and 1ts optical density 1s 0.8.

Thereon are formed the etching mask film 30 made of
MoS10N where the content of Mo 1s 2.6 atom % 1n the film
and having the thickness of 10 nm and the very thin adhesion
enhancement layer 60 formed of the HDMS layer.

Inthe aspects of Examples (1-4) to (1-6), the light shielding,
f1lm 10 1s thinned to the limit of transfer contrast. The optical
density required for the light shielding band 1s obtained by
stacking of the light shielding film 10 and the auxiliary light
shielding film 20.

In the aspects of Examples (1-4) to (1-6), since the auxil-
1ary light shielding film and the etching mask film are divided
as dedicated films, the etching mask 30 can be thinner than the
Cr-based auxiliary light shuelding film 20 (also serving as an
etching mask) of Examples (1-1) to (1-3), thereby thinning a
resist.

(Manufacture of a Transfer Mask)

Binary transfer masks of Examples (1-4) to (1-6) were
manufactured using the binary mask blanks of Examples
(1-4) to (1-6).

Specifically, a chemically-amplified positive resist 100
(PRLOO9 available from Fuji Film Electronics Material Com-
pany) of thickness o1 75 nm for electron beam drawing (expo-
sure) was applied on the adhesion enhancement layer 60 of
the mask blank using spin coating [FIG. 2 and FIG. 9A].

Next, the resist film 100 was drawn to have a desired
pattern using an electron beam drawing apparatus and was
developed with a developer to form aresist pattern 100q [FIG.
9B].

Next, an etching mask film pattern 30a was formed by dry
etching the adhesion enhancement layer 60 and the etching
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mask film 30 using the resist pattern 100a as a mask [FIG.
9C]. A mixture gas of SF, and He was used as a dry etching

gas.

Next, a pattern of residual resist pattern 100 and adhesion
enhancement layer 60 was stripped away by a chemical solu-
tion.

Next, using the etching mask film pattern 30a as a mask,
the auxiliary light shielding film 20 1s dry-etched to form an
auxiliary light shielding film pattern 20a [FIG. 9D]. A mix-
ture gas of Cl, and O, (Cl,:0,=4:1) was used as a dry etching
gas.

Next, using the etching mask film pattern 30a and the
auxiliary light shielding film pattern 20a as a mask, the light
shielding film 10 1s dry-etched using a mixture gas of SF . and
He to form a light shielding film pattern 10a [FIG. 9E]. At this
time, the etching mask film pattern 30a was etched away
together.

The subsequent steps are similar to the steps of FIGS. 8E to
8H 1n Examples (1-1) to (1-3) and therefore, explanation
thereof will be omitted.

It was confirmed that the binary transfer masks of
Examples (1-4) to (1-6) show an eflect of sutliciently over-
coming the problem of the electromagnetic field (EMF)
eifect, which can be a problem for the generation 1n which the
DRAM half pitch (hp) 1s 32 nm specified in semiconductor
device design specifications and the later generations, with
ArF exposure light, and provide a practical transfer mask.

Examples (1-7) to (1-9)

Examples (1-7) to (1-9) are similar to Examples (1-4) to
(1-6) except that an etching mask (hard mask) film 30 1s
formed on the auxiliary light shielding film 20 and a second

ctching mask (hard mask) film 40 1s formed on the etching
mask film 30, as shown 1n FIG. 3.

In Examples (1-7) to (1-9), a MoS10N {ilm was formed as
the etching mask film 30 on the auxiliary light shielding film
20 shown 1n each of Examples (1-1) to (1-3) and a CrOCN
f1lm was formed as the second etching mask film 40 thereon.

Specifically, the same MoS10N film used for the surface
anti-reflection layer 12 was formed at a thickness of 10 nm to
form the etching mask film 30.

Next, the same CrOCN film used for the auxiliary light
shielding film 20 was formed at a thickness of 10 nm to form
the second etching mask film 40.

In the binary mask blank of Example (1-7) shown in FIG.
3, the light shuelding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of
MoS1CH where the content of Mo of 19.8 atom % 1n the film
and the surface anti-reflection layer 12 made of MoS1ON
including the content of Mo of 2.6 atom % in the film. The
thickness of the light shielding film 10 1s 30 nm and 1ts optical
density 1s 2.0.

The auxiliary light shielding film 20 1s made of CrOCN
where the content of Cr1s 33 atom % 1n the film, 1ts thickness
1s 30 nm and 1ts optical density 1s 0.8.

Thereon 1s formed the etching mask film 30 made of
MoS10N 1ncluding the content of Mo of 2.6 atom % 1n the
{ilm and having the thickness of 10 nm.

Thereon 1s formed the second etching mask film 40 made
of CrOCN including the content of Cr o1 33 atom % 1n the film

and having the thickness of 10 nm.

In the binary mask blank of Example (1-8) shown in FIG.
3, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of
MoSi1CH where the content of Mo 1s 32.3 atom % in the film
and the surface anti-reflection layer 12 made of MoS1ON
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where the content of Mo 1s 2.6 atom % 1n the film. The
thickness of the light shielding film 10 1s 30 nm and its optical
density 1s 2.0.

The auxiliary light shielding film 20 1s made of CrOCN
where the content of Cr1s 33 atom % 1n the film, 1ts thickness
1s 30 nm and 1ts optical density 1s 0.8.

Thereon 1s formed the etching mask film 30 made of
MoS10N where the content of Mo 1s 2.6 atom % 1n the film
and having the thickness of 10 nm.

Thereon 1s formed the second etching mask film 40 made
of CrOCN where the content of Cr 1s 33 atom % 1n the film
and having the thickness of 10 nm.

In the binary mask blank of Example (1-9) shown 1n FIG.

3, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of TaN
where the content of N 1s 7 atom % 1n the film and the surface
anti-reflection layer 12 made of TaO where the content ot O 1s
58 atom % 1n the film. The thickness of the light shielding film

10 1s 36 nm and 1its optical density 1s 2.0.
The auxiliary light shielding film 20 1s made of CrOCN

where the content of Cr1s 33 atom % 1n the film, 1ts thickness
1s 30 nm and 1ts optical density 1s 0.8.

Thereon 1s formed the etching mask film 30 made of
MoS10N where the content of Mo 1s 2.6 atom % 1n the film
and having the thickness of 10 nm.

Thereon 1s formed the second etching mask film 40 made
of CrOCN where the content of Cr 1s 33 atom % 1n the film
and having the thickness of 10 nm.

Inthe aspects of Examples (1-7) to (1-9), the light shielding
{1lm 10 1s thinned to the limit of transfer contrast. The optical
density required for the light shielding band 1s obtained by
stacking of the light shielding film 10 and the auxiliary light
shielding film 20.

In the aspects of Examples (1-7) to (1-9), since the auxil-
1ary light shielding film and the etching mask film are divided
as dedicated films, the etching mask 30 can be thinner than the
Cr-based auxiliary light shuelding film 20 (also serving as an
etching mask) of Examples (1-1) to (1-3), thereby thinning a
resist.

In the aspects of Examples (1-7) to (1-9), employment of
the chromium-based second etching mask film 40 achieves
thinness and improved adhesion of a resist as compared to
Examples (1-4) to (1-6).

(Manufacture of a Transfer Mask)

Binary transifer masks of Examples (1-7) to (1-9) were
manufactured using the binary mask blanks of Examples
(1-7) to (1-9).

Specifically, a chemically-amplified positive resist 100
(PRLOO09 available from Fuji Film E

Electronics Material Com-
pany) of thickness o1 50 nm for electron beam drawing (expo-
sure) was applied on the second etching mask film 40 of the
mask blank using spin coating [FIG. 3 and FIG. 10A].

Next, the resist film 100 was drawn to have a desired
pattern using an electron beam drawing apparatus and was
developed with a developer to form aresist pattern 1004 [FIG.
10B].

Next, a second etching mask film pattern 40a was formed
by dry etching the second etching mask film 40 using the
resist pattern 100q as a mask [FIG. 10C]. A mixture gas of Cl,
and O, (Cl,:0,=4:1) was used as a dry etching gas.

Next, a residual resist pattern 100a was stripped away by a
chemical solution.

Next, using the second etching mask film pattern 40a as a
mask, the etching mask film 30 1s dry-etched to form an
cetching mask film pattern 30a [FIG. 10D]. A mixture gas of
SF . and He was used as a dry etching gas.
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Next, using the second etching mask film pattern 40a and
the etching mask film pattern 30a as a mask, the auxiliary

light shielding film 20 1s dry-etched to form an auxiliary light
shielding film pattern 20q [FIG. 10E]. A mixture gas of Cl,
and O, (Cl,:0,=4:1) was used as a dry etching gas. At this
time, the second etching mask film pattern 40a was etched
away together.

Next, using the etching mask film pattern 30aq and the
auxiliary light shielding film pattern 20a as a mask, the light
shielding film 10 1s dry-etched using a mixture gas of SF . and
He to form a light shielding film pattern 10a [FIG. IOF] At
this time, the etching mask film pattern 30a was etched away
together.

The subsequent steps are similar to the steps of FIGS. 8E to
8H 1n Examples (1-1) to (1-3) and therefore, explanation
thereof will be omitted.

It was confirmed that the binary transfer masks of
Examples (1-7) to (1-9) show an eflect of sulliciently over-
coming the problem of the electromagnetic field (EMF)
elfect, which can be a problem for the generation 1n which the
DRAM half pitch (hp) 1s 32 nm specified 1n semiconductor
device design specifications and the later generations, with
ArF exposure light, and provide a practical transfer mask.

Examples (1-10) to (1-12)

Examples (1-10) to (1-12) are similar to Examples (1-1) to
(1-3) except that an auxihary light shielding film 20 having a
multilayer structure including an etching stopper and mask
layer 21 and an auxiliary light shielding layer 22 1s formed on
the light shielding film 10 (with a change 1n a structure of the
auxiliary light shielding film 20, and formation position,
material and thickness of the layers) and an adhesion
enhancement layer 60 1s formed thereon, as shown 1n FIG. 4.

In Examples (1-10) to (1-12), a CrOCN film was formed as
the etching stopper and mask layer 21 on the light shielding
f1lm 10 shown 1n each of Examples (1-1) to (1-3), a MoS1CH
film was formed as the auxiliary light shielding layer 22
thereon, and a HMDS layer was formed as the adhesion
enhancement layer 60 thereon.

Specifically, the same CrOCN film used for the auxiliary
light shielding film 20 of Example (1-1) was formed at a
thickness of 10 nm to form the etching stopper and mask layer
21.

Next, the same MoS1CH {ilm used for the light shielding
layer 11 of Example (1-1) was formed at a thickness of 15 nm
to form the auxiliary light shielding layer 22.

Next, a very thin adhesion enhancement layer 60 formed of
a HMDS layer was formed on the auxiliary light shielding
layer 22 by contacting the layer 22 to an HMDS (hexameth-
yldisilazane) that 1s evaporated and scattered using nitrogen
gas. The HMDS layer 1s a hydrophobic surface layer to
enhance adhesion of a resist.

In the binary mask blank of Example (1-10) shown 1n FIG.
4, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of
MoS1CH where the content of Mo 1s 19.8 atom % 1n the film
and the surface anti-reflection layer 12 made of MoSi1ON
where the content of Mo 1s 2.6 atom % 1 the film. The
thickness of the light shielding film 10 1s 30 nm and 1ts optical
density 1s 2.0.

Thereon was formed the etching stopper and mask layer 21
made of CrOCN where the content of Cr 1s 33 atom % 1n the
f1lm and having a thickness of 10 nm. Thereon was formed the
auxiliary light shielding layer 22 made of MoS1CH where the
content of Mo 15 19.8 atom % in the film and having a
thickness of 15 nm. The auxiliary light shielding film 20
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having a thickness of 25 nm 1s formed by a multilayer struc-
ture including the etching stopper and mask layer 21 and the
auxiliary light shielding layer 22, and the optical density of
the multilayer structure 1s 0.8.

Thereon was formed a very thin HMDS layer as the adhe-
s1ion enhancement layer 60.

In the binary mask blank of Example (1-11) shown 1n FIG.
4, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of
MoS1CH where the content of Mo 1s 32.3 atom % 1n the film
and the surface anti-reflection layer 12 made of MoS1ON
where the content of Mo 1s 2.6 atom % 1n the film. The
thickness of the light shielding film 10 1s 30 nm and 1ts optical
density 1s 2.0.

Thereon was formed the etching stopper and mask layer 21
made of CrOCN where the content of Cr 1s 33 atom % 1n the
film. Thereon was formed the auxiliary light shielding layer
22 made of MoS1CH where the content of Mo 1s 19.8 atom %
in the film and having a thickness of 15 nm. The auxiliary
light shielding film 20 having a thickness of 25 nm 1s formed
by a multilayer structure including the etching stopper and
mask layer 21 and the auxiliary light shielding layer 22, and
the optical density of the multilayer structure 1s 0.8.

Thereon was formed a very thin HMDS layer as the adhe-
s1on enhancement layer 60.

In the binary mask blank of Example (1-12) shown in FIG.
4, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of TaN
where the content of N 1s 7 atom % 1n the film and the surface
anti-reflection layer 12 1s made o1 TaO where the content of O
1s 58 atom % 1n the film. The thickness of the light shielding
film 10 1s 36 nm and its optical density 1s 2.0.

Thereon was formed the etching stopper and mask layer 21
made of CrOCN where the content of Cr 1s 33 atom % 1n the
f1lm and having a thickness of 10 nm. Thereon was formed the
auxiliary light shielding layer 22 made of MoS1CH where the
content of Mo 1s 19.8 atom % in the film and having a
thickness of 15 nm. The auxiliary light shielding film 20
having a thickness of 25 nm 1s formed by a multilayer struc-
ture including the etching stopper and mask layer 21 and the
auxiliary light shielding layer 22, and the optical density of
the multilayer structure 1s 0.8.

Thereon was formed a very thin HMDS layer as the adhe-
sion enhancement layer 60.

In the aspects of Examples (1-10) to (1-12), the light
shielding film 10 1s thinned to the limit of transfer contrast.
The optical density required for the light shielding band 1s
obtained by stacking of the light shielding film 10 and the
auxiliary light shielding film 20.

In the aspects of Examples (1-10) to (1-12), the etching
stopper and mask layer 21 for the light shielding film 10 can
be thinned as compared to the Cr-based auxiliary light shield-
ing film 20 (also serving as an etching mask) of Examples
(1-1) to (1-3), thereby obtaining the light shielding film 10
with higher etching precision.

In the aspects of Examples (1-10) to (1-12), the auxiliary
light shielding film 20 can be thinned at the same optical
density as compared to the Cr-based auxiliary light shielding
f1lm 20 of Examples (1-1) to (1-3). The auxiliary light shield-
ing film 20 having this small thickness allows a resist to be
thinned as compared to the aspects of Examples (1-1)to (1-3).

(Manufacture of a Transfer Mask)

Binary transier masks of Examples (1-10) to (1-12) were
manufactured using the binary mask blanks of Examples
(1-10) to (1-12).

Specifically, a chemically-amplified positive resist 100
(PRLOO09 available from Fuji Film Electronics Material Com-
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pany ) having a thickness of 75 nm for electron beam drawing
(exposure) was applied on the adhesion enhancement layer 60

of the mask blank using spin coating [F1G. 4 and FIG. 11A].

Next, the resist film 100 was drawn to have a desired
pattern using an electron beam drawing apparatus and was
developed with a developer to form a resist pattern 100q [FIG.
11B].

Next, an auxiliary light shielding layer pattern 22a was
formed by dry etching the auxiliary light shielding layer 22
using the resist pattern 100q as a mask [FIG. 11C]. A mixture
gas of SF . and He was used as a dry etching gas. In addition,
the adhesion enhancement layer 60 was patterned together by
dry etching.

Next, a residual resist pattern 100a was stripped away by a
chemical solution. At this time, the adhesion enhancement
layer 60 was stripped away together.

Next, using the auxiliary light shielding layer pattern 22a
as a mask, the etching stopper and mask layer 21 was dry-

etched to form an etching stopper and mask layer pattern 21a
|[FIG. 11D]. A mixture gas of Cl, and O, (Cl,:0,=4:1) was
used as a dry etching gas.

Next, aresistfilm 110 of a positive resist (FEP171 available
from Fujp1 Film Flectronics Material Company) having a
thickness of 200 nm for electron beam drawing (exposure)
was applied on the substrate using spin coating [FIG. 11E].

Next, the resist film 110 1s drawn and exposed to form a
light shielding portion (light shuelding band) pattern using an
clectron beam drawing apparatus and was developed with a
developer to form a resist pattern 1105 [FIG. 11F].

Next, using the etching stopper and mask layer 21a as a
mask, the light shielding film 10 was dry-etched using a
mixture gas of SF, and He to form a light shielding film
pattern 10a [FIG. 11G]. At the same time, using the resist
pattern 110a as a mask, the auxiliary light shielding layer
pattern 22a 1s dry-etched to form an auxiliary light shielding
layer pattern 2256 [FI1G. 11G].

Next, using the resist pattern 1105 and the auxiliary light
shielding layer pattern 225 as a mask, the etching stopper and
mask layer pattern 21 a 1s dry-etched using a mixture gas of
Cl, and O, (Cl,:0,=4:1) to form an etching stopper and mask
layer pattern 215 [FI1G. 11H].

Next, the resist pattern 1106 was stripped away and then a
washing process was carried out to obtain a transier mask
having a light shielding portion (light shielding band) 80
including the auxiliary light shielding film pattern 205 and the
underlying light shielding film pattern 10a [FIG. 111].

Thus, the binary transfer masks of Examples (1-10) and
(1-11) were manufactured.

Example (1-12) formed a light shielding film pattern 10a
by dry etching the light shielding film 10 using the etching
stopper and mask layer pattern 21a as a mask in FIG. 11G of
Example (1-10). At this time, a tantalum oxide (TaO) layer 12
and a tantalum nitride (TaN) layer 11 were continuously
ctched using a mixture gas of CHF; and He as a dry etching
gas. At the same time, using the resist pattern 1105 as a mask,
the auxiliary light shielding layer pattern 22a was dry-etched
to form an auxiliary light shuelding layer pattern 2254 [FIG.
11G].

The binary transfer mask of Example (1-12) was manufac-
tured 1n the same manner as Example (1-10) except for the
above described further steps.

It was confirmed that the binary transfer masks of
Examples (1-10) to (1-12) show an effect of suificiently over-
coming the problem of the electromagnetic field (EMF)
elfect, which can be a problem for the generation 1n which the
DRAM half pitch (hp) 1s 32 nm specified 1n semiconductor
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device design specifications and the later generations, with
ArF exposure light, and provide a practical transier mask.

Examples (1-13) to (1-15)

Examples (1-13)to (1-15) are similar to Examples (1-4) to
(1-6) except that an etching stopper and mask layer 21 1s
formed on the light shielding film 10, an auxiliary light
shielding layer 22 1s formed thereon (with a change 1n a
structure of the auxiliary light shielding film 20, and forma-
tion position, material and thickness of the layers) and an
ctching mask film 70 1s formed thereon, as shown in FIG. 5.

In Examples (1-13)to (1-15), a CrOCN film was formed as
the etching stopper and mask layer 21 on the light shielding,
film 10 shown 1n each of Examples (1-1) to (1-3), a MoS1CH
film was formed as the auxiliary light shielding layer 22
thereon, and a CrOCN film was formed as the etching mask
{ilm 70 thereon.

Specifically, the same CrOCN film used for the auxiliary
light shielding film 20 of Example (1-1) was formed at a
thickness of 10 nm to form the etching stopper and mask layer
21.

Next, the same MoS1CH film used for the light shielding
layer 11 of Example (1-1) was formed at a thickness of 15 nm
to form the auxiliary light shielding layer 22.

Next, the same CrOCN film for the auxiliary light shielding
f1lm 20 of Example (1-1) was formed at a thickness of 10 nm
to form the etching mask film 70.

In the binary mask blank of Example (1-13) shown 1n FIG.
5, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of
MoS1CH where the content of Mo 1s 19.8 atom % 1n the film
and the surface anti-reflection layer 12 made of MoS1ON
where the content of Mo 1s 2.6 atom % 1n the film. The
thickness of the light shielding film 10 1s 30 nm and its optical
density 1s 2.0.

Thereon was formed the etching stopper and mask layer 21
made of CrOCN where the content of Cr 1s 33 atom % in the
f1lm and having a thickness of 10 nm. Thereon was formed the
auxiliary light shielding laver 22 made of MoS1CH where the
content of Mo 1s 19.8 atom % 1n the film and having a
thickness of 15 nm. The auxiliary light shielding film 20
having a thickness of 25 nm 1s formed by a multilayer struc-
ture including the etching stopper and mask layer 21 and the
auxiliary light shielding layer 22, and the optical density of
the multilayer structure 1s 0.8.

Thereon was formed the etching mask film 70 made of
CrOCN 1ncluding the content of Cr of 33 atom % 1n the film
and having a thickness of 10 nm.

In the binary mask blank of Example (1-14) shown 1n FIG.
5, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of
MoS1CH where the content of Mo 1s 33 atom % 1n the film and
the surface anti-reflection layer 12 1s made of MoS10ON where
the content of Mo 1s 2.6 atom % 1n the film. The thickness of
the light shielding film 10 1s 30 nm and 1ts optical density 1s
2.0.

Thereon was formed the etching stopper and mask layer 21
made of CrOCN where the content of Cr 1s 33 atom % 1n the
f1lm and having a thickness of 10 nm. Thereon was formed the
auxiliary light shielding layer 22 made of MoS1CH where the
content of Mo 1s 19.8 atom % in the film and having a
thickness of 15 nm. The auxiliary light shielding film 20
having a thickness of 25 nm 1s formed by a multilayer struc-
ture including the etching stopper and mask layer 21 and the
auxiliary light shielding layer 22, and the optical density of
the multilayer structure 1s 0.8.
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Thereon was formed the etching mask film 70 made of
CrOCN where the content of Cr 1s 33 atom % 1n the film and
having a thickness of 10 nm.

In the binary mask blank of Example (1-15) shown 1n FIG.
5, the light shielding film 10 was made to have a multilayer
structure including the light shielding layer 11 made of TaN
where the content of N 1s 7 atom % 1n the film and the surface
anti-reflection layer 12 1s made of TaO where the content of O
1s 58 atom % in the film. The thickness of the light shielding
f1lm 10 1s 36 nm and its optical density 1s 2.0.

Thereon was formed the etching stopper and mask layer 21
made of CrOCN where the content of Cr 1s 33 atom % 1n the
f1lm and having a thickness of 10 nm. Thereon was formed the
auxiliary light shielding laver 22 made of MoS1CH where the
content of Mo 1s 19.8 atom % 1n the film and having a
thickness of 15 nm. The auxiliary light shielding film 20
having a thickness of 25 nm 1s formed by a multilayer struc-
ture including the etching stopper and mask layer 21 and the
auxiliary light shielding layer 22, and the optical density of
the multilayer structure 1s 0.8.

Thereon was formed the etching mask film 70 made of
CrOCN where the content of Cr 1s 33 atom % in the film and
having a thickness of 10 nm.

In the aspects of Examples (1-13) to (1-135), the light
shielding film 10 1s thinned to the limit of transfer contrast.
The optical density required for the light shielding band 1s
obtained by stacking of the light shielding film 10 and the
auxiliary light shielding film 20.

In the aspects of Examples (1-13) to (1-15), the etching
stopper and mask layer 21 for the light shielding film 10 can
be thinned as compared to the Cr-based auxiliary light shield-
ing {ilm 20 (also serving as an etching mask) of Examples
(1-1) to (1-3), thereby obtaiming the light shielding film 10
with higher etching precision.

In the aspects of Examples (1-13) to (1-15), the auxiliary
light shielding film 20 can be thinned at the same optical
density as compared to the Cr-based auxiliary light shuelding
f1lm 20 (also serving as an etching mask) of Examples (1-1) to
(1-3). The auxiliary light shielding film 20 having this small
thickness allows a resist to be thinned as compared to the
aspects ol Examples (1-1) to (1-3).

In addition, employment of the chromium-based etching
mask film 70 achieves thinness and improved adhesion of a
resist as compared to Examples (1-10) to (1-12).

(Manufacture of a Transier Mask)

Binary transier masks of Examples (1-13) to (1-15) were
manufactured using the binary mask blanks of Examples
(1-13) to (1-15).

Specifically, a chemically-amplified positive resist 100
(PRLOO09 available from Fuji Film Electronics Material Com-
pany ) of thickness of 50 nm for electron beam drawing (expo-
sure) was applied on the etching mask film 70 of the mask
blank using spin coating [FIG. 5 and FIG. 12A].

Next, the resist film 100 was drawn to have a desired
pattern using an electron beam drawing apparatus and was
developed with a developer to form a resist pattern 1004 [FIG.
12B].

Next, an etching mask film pattern 70a was formed by dry
ctching the etching mask film 70 using the resist pattern 100q
as amask [F1G. 12C]. A mixture gas of Cl, and O, (Cl,:0,=4:
1) was used as a dry etching gas.

Next, a residual resist pattern 100a was stripped away by a
chemical solution.

Next, using the etching mask film pattern 70q as a mask,
the auxiliary light shielding layer 22 was dry-etched to form
an auxiliary light shielding layer pattern 22q [FIG. 12D]. A
mixture gas of SF, and He was used as a dry etching gas.
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Next, using the auxiliary light shielding layer pattern 22a
as a mask, the etching stopper and mask layer 21 was dry-
etched to form an etching stopper and mask layer pattern 21 a
[FIG. 12E]. A mixture gas of Cl, and O, (Cl,:0,=4:1) was
used as a dry etching gas. At this time, the etching mask film
70 was stripped away together by etching.

Next, aresist {ilm 110 of a positive resist (FEP1771 available
from Fuj1 Film Electronics Material Company) of thickness
of 200 nm for electron beam drawing (exposure) was applied
on the substrate using spin coating [FI1G. 12F].

Next, the resist film 110 1s drawn and exposed to form a
light shielding portion (light shielding band) pattern using an
clectron beam drawing apparatus and was developed with a
developer to form a resist pattern 1106 [FIG. 12G].

Next, using the etching stopper and mask layer 21a as a
mask, the light shielding film 10 was dry-etched using a
mixture gas of SF, and He to form a light shielding film
pattern 10a [FIG. 12H]. At the same time, using the resist
pattern 1105 as a mask, the auxiliary light shielding layer
pattern 22a 1s dry-etched to form an auxiliary light shielding,
layer pattern 2256 [FI1G. 12H].

Next, using the resist pattern 1106 and the auxiliary light
shielding layer pattern 225 as a mask, the etching stopper and
mask layer pattern 21 a 1s dry-etched using a mixture gas of
Cl, and O, (Cl,:0,=4:1) to form an etching stopper and mask
layer pattern 2156 [FI1G. 121].

Next, the resist pattern 1105 was stripped away and then a
washing process was carried out to obtain a transfer mask
having a light shielding portion (light shielding band) 80
including the auxiliary light shielding film pattern 205 and the
underlying light shielding film pattern 10a [FI1G. 121]].

Thus, the binary transier masks of Examples (1-13) and
(1-14) were manufactured.

Example (1-15) formed a light shielding film pattern 10a
by dry etching the light shielding film 10 using the etching,
stopper and mask layer pattern 21a as a mask in FIG. 12H of
Example (1-13). At this time, a tantalum oxide (TaO) layer 12
and a tantalum nitride (TaN) layer 11 were continuously
etched using a mixture gas of CHF, and He as a dry etching
gas. At the same time, using the resist pattern 1106 as a mask,
the auxiliary light shielding layer pattern 22a was dry-etched
to form an auxiliary light shielding layer pattern 2256 [FIG.
12H].

The binary transter mask of Example (1-15) was manufac-
tured 1n the same manner as Example (1-13) except for the
above described further steps.

It was confirmed that the binary transfer masks of
Examples (1-13)to (1-135) show an effect of suificiently over-
coming the problem of the electromagnetic field (EMF)
eifect, which can be a problem for the generation 1n which the
DRAM half pitch (hp) 1s 32 nm specified in semiconductor
device design specifications and the later generations, with
ArF exposure light, and provide a practical transier mask.

Examples (2-1) to (2-9)

(Manufacture of a Mask Blank)

Examples (2-1) to (2-9) are similar to Examples (1-1) to
(1-9) except that the thickness of the auxiliary light shielding
film 20 1s 35 nm, the optical density of the auxihiary light
shielding film 20 15 1.1, and the binary mask blank 1s used for
double exposure.

(Manufacture of a Transfer Mask)

Binary transifer masks of Examples (2-1) to (2-9) were
manufactured using the binary mask blanks of Examples

(2-1) to (2-9), like Examples (1-1) to (1-9).
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It was confirmed that the binary transfer masks of
Examples (2-1) to (2-9) show an efiect of sulliciently over-
coming the problem of the electromagnetic field (EMF)
eifect, which can be a problem for the generation in which the
DRAM half pitch (hp) 1s 32 nm specified in semiconductor
device design specifications and the later generations, with
ArF exposure light, and provide a practical transfer mask.

Examples (2-10) to (2-15)

(Manufacture of a Mask Blank)

Examples (2-10) to (2-13) are similar to Examples (1-10)
to (1-15) except that the thickness of the auxiliary light shield-
ing layer 22 using a MoS1CH {ilm where the content of Mo 1s
32.3 atom % 1n the film, the thickness 1s 20 nm, the optical
density of the auxiliary light shielding film 20 1s 1.1, and the
binary mask blank 1s used for double exposure.

(Manufacture of a Transier Mask)

Binary transfer masks of Examples (2-10) to (2-15) were
manufactured using the binary mask blanks of Examples
(2-10) to (2-13), like Examples (1-10) to (1-15).

It was confirmed that the binary transfer masks of
Examples (2-10) to (2-15) show an effect of sulficiently over-
coming the problem of the electromagnetic field (EMF)
eifect, which can be a problem for the generation 1n which the
DRAM half pitch (hp) 1s 32 nm specified 1n semiconductor
device design specifications and the later generations, with
ArF exposure light, and provide a practical transfer mask.

Examples (3-1), (3-2), (3-4), (3-3), (3-7), (3-8), (3-10),
(3-11), (3-13) and (3-14)

(Manufacture of a Mask Blank)

Examples (3-1), (3-2), (3-4), (3-3), (3-7), (3-8), (3-10),
(3-11), (3-13) and (3-14) are stmilar to Examples (1-1), (1-2),
(1-4), (1-3), (1-7), (1-8), (1-10), (1-11), (1-13) and (1-14)
except that the thickness of the light shuelding film 101s 35 nm
(the thickness of the light shielding layer 11 1s 20 nm), the
optical density of the light shielding film 10 1s 2.3, and the
binary mask blank 1s used for double exposure.

(Manufacture of a Transfer Mask)

Binary transfer masks of Examples (3-1) to (3-14) were
manufactured using the binary mask blanks of Examples
(3-1) to (3-14), like Examples (1-1) to (1-14).

It was confirmed that the binary transfer masks of
Examples (3-1) to (3-14) show an eflect of suiliciently over-
coming the problem of the electromagnetic field (EMF)
elfect, which can be a problem for the generation 1n which the
DRAM half pitch (hp) 1s 32 nm specified 1n semiconductor
device design specifications and the later generations, with
ArF exposure light, and provide a practical transfer mask.

Examples (3-3), (3-6), (3-9), (3-12) and (3-15)

(Manufacture of a Mask Blank)

Examples (3-3), (3-6), (3-9), (3-12) and (3-15) are similar
to Examples (1-3), (1-6), (1-9), (1-12) and (1-15) except that
the thickness of the light shielding film 10 1s 40 nm (the
thickness of the light shielding layer 11 1s 30 nm), the optical
density of the light shielding film 10 1s 2.3, and the binary
mask blank 1s used for double exposure.

(Manufacture of a Transier Mask)

Binary transier masks of Examples (3-3) to (3-15) were
manufactured using the binary mask blanks of Examples
(3-3) to (3-15), like Examples (1-1) to (1-13).

It was confirmed that the binary transfer masks of
Examples (3-3) to (3-15) show an eflect of suiliciently over-
coming the problem of the electromagnetic field (EMF)
elfect, which can be a problem for the generation 1n which the
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DRAM half pitch (hp) 1s 32 nm specified in semiconductor
device design specifications and the later generations, with
ArF exposure light, and provide a practical transier mask.

Example (4-1)

(Design of a Light Shielding Film)

Among many MoSi-based matenals with refractive
indexes (n) and extinction coetlicients (k) measured before-
hand, a MoS1 film (n=2.4, k=2.9) for a light shielding layer 11
and a MoS10N film (n=2.1, k=0.3) for a surface anti-retlec-
tion layer 12 were selected as material of a light shielding film
10 and an optical simulation was performed as follows.

In the optical simulation, while varying the condition of
thickness of the light shielding layer 11 within a range of 10
nm to 40 nm and the condition of thickness of the surface
anti-reflection layer 12 within a range of 4 nm to 20 nm for the
selected materials, the total optical density (OD) and surface
reflectivity (R %) of the light shielding film 10 were calcu-
lated for each thickness condition. A graph plotting a result of
the calculation 1s shown 1n FIG. 13.

In the graph of FIG. 13, the hornizontal axis represents
thickness of the light shielding layer 11 and the vertical axis
represents thickness of the surface anti-reflection layer 12.
The optical density 1s divided by 2.0, 2.8 and 3.0 boundaries,
and the surface retlectivity 1s divided by 30%, 25% and 20%
boundaries. In addition, from a point where the thickness of
the light shielding layer 11 1s 36 nm and the thickness of the
surface anti-retlection layer 12 1s 4 nm to a point where the
thickness of the lig'lt shielding layer 11 1s 20 nm and the
thickness of the surface anti-reflection layer 12 1s 20 nm, a
boundary deﬁmng the total thickness of 40 nm of the light
shielding film 10 1s drawn.

It can be said that the optical density of the light shielding
f1lm 10 tends to increase from left to right in the graph, that s,
with an increase 1n the thickness of the light shielding layer
11. It can be said that the surface reflectivity of the light
shielding film 10 tends to decrease from bottom to top 1n the
graph, that 1s, with an increase in the thickness of the surface
anti-reflection layer 12. However, since both of the optical
density and surface reflectivity are atfected by optical inter-
ference due to multi-reflection between the light shielding
layer 11 and the surface anti-reflection layer 12, there may be
a need to strictly examine the optical density and surface
reflectivity with optical simulation or the like rather than a
simple linear relationship. A region 1n which the total thick-
ness of the light shielding film 10 1n the graph 1s 40 nm or less
corresponds to a region 1n the lett side of the boundary.

In addition, 1n Example (4-1), a threshold of the surface
reflectivity that 1s one of the conditions of selection of the
light shuelding film 10 1s set to 30% or less. In some cases,
normal exposure and transier may be achieved even with a
surface reflectivity of 30% or more to 40% or less. However,
depending on the specification of an exposurer, a character-
1stic of a resist on a waler of an object to be transterred, and so
on, precision of exposure and transfer may be lowered it the
surface reflectivity 1s greater than 30%. In consideration of
this, the threshold of the surface retlectivity 1s set to 30% or
less. This 1s equally applied to other Examples.

Here, a condition to allow preparation of the light shielding
film 10 having the optical density of 2.0 or more, the total
thickness o1 40 nm or less and the surface retlectivity of 30%
or less corresponds to an 1nner side of a region having three
apexes P203, P301 and P302 1n FIG. 13. In addition, a con-
dition to allow preparation of the light shielding film 10
having the optical density of 2.0 or more, the total thickness of
40 nm or less and the surface retlectivity of 25% or less

10

15

20

25

30

35

40

45

50

55

60

65

38

corresponds to an iner side of a region having three apexes
P203, P251 and P252 in FIG. 13. In addition, a condition to
allow preparation of the light shielding film 10 having the
optical density of 2.0 or more, the total thickness of 40 nm or
less and the surface reflectivity of 20% or less corresponds to
an 1nner side of a region having three apexes P203, P201 and
P202 in FIG. 13. In Example (4-1), from the result of the
optical simulation of FIG. 13, the thickness of the light shield-
ing layer 11 was selected as 24 nm, the thickness of the
surface anti-reflection layer was selected as 10 nm, and the
light shielding film 10 was designed to have the optical den-
sity of 2.0 or more and the surface retlectivity of 20% or less.

Next, a transfer mask was manufactured with the mask
blank using the selected light shielding film 10 and 1t was
checked through optical simulation to determine whether or
not suilicient contrast was obtained when the manufactured
transier mask was exposed and transferred onto a resist on a
waler. A result of the check 1s shown 1n FIG. 14. The optical
simulation of FI1G. 14 calculates a contrast when light shield-
ing films 10 having different optical densities (with the thick-
ness of the surface anti-reflection layer 12 fixed to 10 nm)
were made of the materials of the light shielding layer 11 and
surface anti-retlection layer 12 used in Example (4-1). On the
presumption that double patterning as the DRAM hp 32 nm
generation 1s applied to a transter pattern formed 1n the light
shielding film, a simulation was performed with application
of a line & space pattern (line:space=3:1=384 nm:128 nm).
The simulation showed that a good contrast of 0.8 or more
was achieved even with the optical density of 2.0 although 1t
1s not as high as that for the optical density of 2.8. That 1s, a
suificient contrast can be obtained even in the designed light
shielding film 10 having the optical density of 2.0.

As used herein, a contrast refers to a relationship between
the maximum value (Imax) and minimum value (Imin) of a
light intensity distribution when exposure light passing
through a light transmitting portion of a transier mask 1s
focused on a resist of a waler, which 1s expressed by (Imax—
Imin)/(Imax+Imin). This 1s equally applied to other
Examples.

Next, for the mask blank using the selected light shielding
film 10, 1t was checked through optical simulation to deter-
mine whether or not an EMF bias was suiliciently reduced. A
result of the check1s shown in FIG. 15. The optical simulation
of FIG. 15 calculates an EMF bias when light shielding films
10 having different optical densities were made of the mate-
rials of the light shielding layer 11 and surface anti-reflection
layer 12 used 1in Example (4-1). An EMF bias represented by
a vertical axis in FI1G. 15 corresponds to a subtraction of a bias
calculated by an EMF simulation from a bias calculated by a
TMA optical simulation. That 1s, a bias related to an EMF
elfect 1s calculated by subtracting a simulation result consid-
ering the EMF efiect from a stmulation result considering no
EMF effect. A horizontal axis in FIG. 15 represents the total
thickness of the light shielding film 10. The total thickness of
the light shielding film 10 1s changed by changing the thick-
ness of the light shielding layer 11 with the thickness of the
surface anti-retlection layer 12 fixed to 10 nm as designed. In
addition, as a design pattern applied to the optical simulation,
the same line & space used for the contrast simulation 1s
applied to calculate a bias.

As aresult, it has been found that the light shielding film 10
having the total thickness of 40 nm or less 1s little sensitive to
the EMF effect as compared to the conventional light shield-

ing {ilm having the total thickness of 60 nm or so.
(Manufacture of a Mask Blank)
In Example (4-1), the same mask blank as Example (1-1)

was manufactured except that the light shielding film 10 1s
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replaced with the light shielding film 10 designed according
to the result of the optical simulation of FIG. 13.

In Example (4-1), a MoSifilm (the light shielding layer11)
and a MoS10N film (the surface anti-retlection layer 12) were
formed as the light shielding film 10 on the transparent sub-
strate 1.

Specifically, a DC magnetron sputter was used, and a target
of Mo:S1=21 atom %:79 atom % was used to form a film
comprising molybdenum and silicon (Mo:21 atom %, S1:79
atom %) at a {ilm thickness of 24 nm under an Ar gas atmo-
sphere, thereby forming the MoSi film (the light shielding
layer 11).

Next, a target of Mo:S1=4 atom %:96 atom % was used to
form a film comprising molybdenum, silicon, oxygen and
nitrogen (Mo:2 atom %, S1:37 atom %, O:23 atom % and
N:38 atom %) at a film thickness of 10 nm under a mixture gas
atmosphere of Ar, O,, N, and He, thereby forming the
MoS10N film (the surface anti-reflection layer 12).

Next, the substrate was heated (annealed) at 450° C. for 30
minutes.

A refractive index (n) and an extinction coetlicient (k) of
the light shielding film 10 formed on the transparent substrate
1 were measured using an optical {film characteristic measur-
ing apparatus n&k 1280 (available from n&k Technologies).
A result of the measurement showed that, 1n the light shield-
ing film 10, the light shielding layer 11 has n=2.4 and k=2.9
and the surface anti-reflection layer 12 has n=2.1 and k=0.3.
In addition, the optical density (OD) and the surface retlec-
tivity for the light shielding film 10 were measured using a
spectrophotometer U-4100 (available from Hitachi High-
technologies). A result of the measurement showed that the
optical density for ArF exposure light (having a wavelength of
193 nm) 1s 2.0 and the surface retlectivity 1s 19.8%. In addi-
tion, optical density was measured after the auxiliary light
shielding film 20 was formed and a result of the measurement
showed that the optical density of a multilayer structure of the
light shielding film 10 and the auxiliary light shielding {ilm 20
tor ArF exposure light (having awavelength o1 193 nm)1s 2.8.

Thus, a binary mask blank formed with the auxiliary light
shielding film 20 and the light shielding film 10 for ArF
excimer laser exposure and single exposure was obtained.

(Manutacture of a Transier Mask)

A bmary transfer mask of Example (4-1) was manuifac-
tured using the binary mask blank of Example (4-1) in the
same manner as Example (1-1).

Here, for a mask design pattern, a transfer pattern gener-
ated with strict correction calculation 1n an EMF simulation
as conventional and a transfer pattern generated with correc-
tion calculation with a small computational load 1n a TMA
simulation were prepared and the prepared transfer patterns
were drawn to resist films 100 of the two manufactured binary
mask blanks, respectively, thereby manufacturing two binary
transier masks.

For the two biary transfer masks, the transfer patterns
were exposed and transferred onto resist films of a waler
using an exposurer, respectively, and a result showed that both
patterns are transierred with high precision. It could be con-
firmed that the mask blank of Example (4-1) can be used to
manufacture a transfer mask having sufficient transferability
even 1n the transfer pattern generated with correction calcu-
lation with a small computational load 1n a TMA simulation.
In addition, 1t could be confirmed that sensitization of resist
f1lms on a water can be suppressed by a light shuelding portion
(light shielding band) 80 consisting of an auxiliary light
shielding film pattern 206 and a light shielding film pattern
10a even for superimposing exposure up to four times due to
light leakage into peripheral regions.
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Example (4-2)

(Design of a Light Shielding Film)

Like Example (4-1), among many MoSi-based materials
with refractive indexes (n) and extinction coefficients (k)
measured beforehand, a MoSi film (n=2.4, k=1.9) for a light
shielding layer 11 and a MoS10ON film (n=2.3, k=1.0) for a
surface anti-reflection layer 12 were selected as material of a
light shuelding film 10 and the optical simulation on the total
optical density (OD) and surface reflectivity (R %) of the light
shielding film 10 was performed. A graph plotting a result of
the optical simulation 1s shown 1n FIG. 16.

In Example (4-2), {rom the result of the optical simulation
of FIG. 16, the thickness of the light shielding layer 11 was
selected as 33 nm, the thickness of the surface anti-reflection
layer was selected as 6 nm, and the light shuelding {ilm 10 was
designed to have the optical density of 2.0 or more and the
surface retlectivity of 30% or less.

Next, a transfer mask was manufactured with the mask
blank using the selected light shielding film 10 and it was
checked through the optical simulation whether or not a sui-
ficient contrast was obtained when the manufactured transfer
mask was exposed and transierred onto a resist on a watfer,
like Example (4-1). A result of the check 1s shown in FIG. 17.
It could be seen from FIG. 17 that a good contrast of 0.8 or
more can be achieved even for the optical density of 2.0.

Next, for the mask blank using the selected light shielding
film 10, 1t was checked through the optical simulation
whether or not an EMF bias was sufliciently reduced, like
Example (4-1). However, the optical simulation was per-
formed with the thickness of the surface anti-reflection layer
fixed to 6 nm. A result of the check 1s shown in FIG. 18. From
FIG. 18, 1t has been found that the light shielding film 10
having the total thickness of 40 nm or less 1s little sensitive to
the EMF effect as compared to the conventional light shield-
ing {ilm having the total thickness of 60 nm or so.

(Manufacture of a Mask Blank)

In Example (4-2), the same mask blank as Example (4-1)
was manufactured except that the light shielding film 10 1s
replaced with the light shielding film 10 designed according
to the result of the optical simulation of FIG. 16.

In Example (4-2), a MoS1N film (the light shielding layer
11) and a MoS10ON {ilm (the surface anti-reflection layer 12)
were formed as the light shielding film 10 on the transparent
substrate 1.

Specifically, a DC magnetron sputter was used, and a target
of Mo:S1=21 atom %:79 atom % was used to form a film

comprising molybdenum, silicon and nitrogen (Mo:15 atom
%, S1:56 atom % and N:29 atom %) at a film thickness of 33

nm under a mixture gas atmosphere of Ar and N,, thereby
forming the MoSiN film (the light shielding layer 11).

Next, a target of Mo:S1=4 atom %:96 atom % was used to
form a film comprising molybdenum, silicon, oxygen and
nitrogen (Mo:3 atom %, S1:56 atom %, O:16 atom % and
N:25 atom %) at a film thickness of 6 nm under a mixture gas
atmosphere of Ar, O,, N, and He, thereby tforming the
MoS10N film (the surface anti-reflection layer 12).

Next, the substrate was heated (annealed) at 450° C. for 30
minutes.

A refractive index (n) and an extinction coeftficient (k) of
the light shielding film 10 formed on the transparent substrate
1 were measured using an optical {ilm characteristic measur-
ing apparatus n&k 1280 (available from n&k Technologies).
A result of the measurement showed that, 1n the light shield-
ing {ilm 10, the light shielding layer 11 has n=2.4 and k=1.9
and the surface anti-reflection layer 12 has n=2.3 and k=1.0.
In addition, the optical density (OD) and the surface retlec-
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tivity for the light shielding film 10 were measured using a
spectrophotometer U-4100 (available from Hitachi High-
technologies). A result of the measurement showed that the
optical density for ArF exposure light (having a wavelength of
193 nm) 1s 2.0 and the surtace reflectivity 1s 26.7%. In addi-
tion, optical density was measured after the auxiliary light
shielding film 20 was formed and a result of the measurement
showed that the optical density of a multilayer structure of the
light shielding film 10 and the auxiliary light shielding film 20
tor ArF exposure light (having awavelength o1 193 nm)1s 2.8.

Thus, a binary mask blank formed with the auxiliary light
shielding film 20 and the light shielding film 10 for ArF
excimer laser exposure and single exposure was obtained.

(Manufacture of a Transfer Mask)

A bmary transfer mask of Example (4-2) was manuifac-
tured using the binary mask blank of Example (4-2) 1n the
same manner as Example (4-1).

Here, for a mask design pattern, a transfer pattern gener-
ated with strict correction calculation 1n an EMF simulation
as conventional and a transfer pattern generated with correc-
tion calculation with a small computational load 1n a TMA
simulation were prepared and the prepared transier patterns
were drawn to resist films 100 of the two manufactured binary

mask blanks, respectively, thereby manufacturing two binary

transfer masks.

For the two binary transfer masks, the transfer patterns
were exposed and transferred onto resist films of a waler
using an exposurer, respectively, and aresult showed that both
patterns are transierred with high precision. It could be con-
firmed that the mask blank of Example (4-2) can be used to
manufacture a transfer mask having suificient transferability
even 1n the transfer pattern generated with correction calcu-
lation with a small computational load 1n a TMA simulation.
In addition, it could be confirmed that sensitization of resist
films on a watfer can be suppressed by a light shielding portion
(light shielding band) 80 consisting of an auxihary light
shielding film pattern 205 and a light shielding film pattern
10a even for superimposing exposure up to four times due to

light leakage into peripheral regions.

Example (4-3)

(Design of a Light Shielding Film)
Like Example (4-1), among many MoSi-based materials

with refractive indexes (n) and extinction coefficients (k)
measured beforehand, a MoSiN film (n=1.8,k=2.1) fora light

shielding layer 11 and a MoSiN film (n=2.0, k=0.9) for a
surface anti-reflection layer 12 were selected as material of a
light shielding film 10 and the optical stmulation on the total
optical density (OD) and surface reflectivity (R %) of the light
shielding film 10 was performed. A graph plotting a result of
the optical simulation 1s shown 1n FIG. 19.

In Example (4-3), from the result of the optical simulation
of FIG. 19, the thickness of the light shielding layer 11 was
selected as 30 nm, the thickness of the surface anti-reflection
layer was selected as 10 nm, and the light shielding film 10
was designed to have the optical density o1 2.0 or more and the
surface retlectivity of 20% or less.

Next, a transfer mask was manufactured with the mask
blank using the selected light shielding film 10 and it was
checked through the optical simulation whether or not a sui-
ficient contrast was obtained when the manufactured transfer
mask was exposed and transferred onto a resist on a wafer,
like Example (4-1). A result of the check 1s shown in FIG. 20.
It could be seen from FIG. 20 that a good contrast of 0.8 or
more can be achueved even for the optical density of 2.0.
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Next, for the mask blank using the selected light shielding
film 10, 1t was checked through the optical simulation
whether or not to sufficiently reduce an EMF bias, like
Example (4-1). However, the optical simulation was per-
formed with the thickness of the surface anti-reflection layer
fixed to 10 nm. A result ot the check1s shown 1in FIG. 21. From
FIG. 21, 1t has been found that the light shielding film 10
having the total thickness o1 40 nm or less has little sensitivity
to the EMF eflect as compared to the conventional light
shielding film having the total thickness of 60 nm or so.

(Manufacture of a Mask Blank)

In Example (4-3), the same mask blank as Example (4-1)
was manuiactured except that the light shielding film 10 1s
replaced with the light shielding film 10 designed according
to the result of the optical simulation of FIG. 19.

In Example (4-3), a MoS1N film (the light shielding layer
11) and a MoSiN film (the surface anti-retlection layer 12)
were formed as the light shuelding film 10 on the transparent
substrate 1.

Specifically, a DC magnetron sputter was used, and a film
comprising molybdenum, silicon and nitrogen (Mo:9 atom
%, S1:64 atom % and N:27 atom %) was formed at a film
thickness o1 30 nm, thereby forming the MoSiN film (the light
shielding layer 11).

Next, a DC magnetron sputter was used, and a film com-
prising molybdenum, silicon and nitrogen (Mo:8 atom %o,
S1:48 atom %, and N:44 atom %) was formed at a film thick-
ness of 10 nm, thereby forming the MoS10N film (the surface
anti-reflection layer 12).

A refractive index (n) and an extinction coeftficient (k) of
the light shielding film 10 formed on the transparent substrate
1 were measured using an optical {ilm characteristic measur-
ing apparatus n&k 1280 (available from n&k Technologies).
A result of the measurement showed that, 1n the light shield-
ing {ilm 10, the light shielding layer 11 has n=1.8 and k=2.1
and the surface anti-reflection layer 12 has n=2.0 and k=0.9.
In addition, the optical density (OD) and the surface retlec-
tivity for the light shielding film 10 were measured using a
spectrophotometer U-4100 (available from Hitachi High-
technologies). A result of the measurement showed that the
optical density for ArF exposure light (having a wavelength of
193 nm) 15 2.0 and the surface reflectivity 1s 17.9%. In addi-
tion, optical density was measured after the auxihiary light
shielding film 20 was formed and a result of the measurement
showed that the optical density of a multilayer structure of the
light shielding film 10 and the auxiliary light shielding {ilm 20
for ArF exposure light (having a wavelength o1 193 nm)1s 2.8.

Thus, a binary mask blank formed with the auxiliary light
shielding film 20 and the light shielding film 10 for ArF
excimer laser exposure and single exposure was obtained.

(Manufacture of a Transier Mask)

A binary transfer mask of Example (4-3) was manufac-
tured using the binary mask blank of Example (4-3) 1n the
same manner as Example (4-1).

Here, for a mask design pattern, a transier pattern gener-
ated with strict correction calculation 1n an EMF simulation
as conventional and a transfer pattern generated with correc-
tion calculation with a small computational load 1n a TMA
simulation were prepared and the prepared transier patterns
were drawn to resist films 100 of the two manufactured binary
mask blanks, respectively, thereby manufacturing two binary
transfer masks.

For the two binary transier masks, the transier patterns
were exposed and transferred onto resist films of a wafer
using an exposurer, respectively, and a result showed that both
patterns are transierred with high precision. It could be con-

firmed that the mask blank of Example (4-3) can be used to
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manufacture a transier mask having suilicient transferability
even 1n the transfer pattern generated with correction calcu-
lation with a small computational load 1n a TMA simulation.
In addition, 1t could be confirmed that sensitization of resist
films on a watfer can be suppressed by a light shielding portion
(light shielding band) 80 consisting of an auxiliary light
shielding film pattern 206 and a light shielding film pattern
10a even for superimposing exposure up to four times due to
light leakage into peripheral regions.

Examples (4-4) to (4-6)

Examples (4-4) to (4-6) are similar to Examples (4-1) to
(4-3) except that an etching mask (hard mask) film 30 and an
adhesion enhancement layer 60, which are shown 1n
Examples (1-4) to (1-6), are formed on the auxiliary light
shielding film 20, as shown 1n FIG. 2.

In the aspects of Examples (4-4) to (4-6), since the auxil-
1ary light shielding film and the etching mask film are divided
as dedicated films, the etching mask film 30 can be thinner
than the Cr-based auxiliary light shielding film 20 (also serv-
ing as an etching mask) of Examples (4-1) to (4-3), thereby
thinning a resist.

Examples (4-7) to (4-9)

Examples (4-7) to (4-9) are similar to Examples (4-1) to
(4-3) except that an etching mask (hard mask) film 30 and a
second etching mask film 40, which are shown in Examples
(1-7) to (1-9), are formed on the auxiliary light shielding film
20, as shown 1n FIG. 3.

In the aspects of Examples (4-7) to (4-9), employment of
the chromium-based second etching mask film 40 achieves
thinness and improved adhesion of a resist as compared to

Examples (4-4) to (4-6).

Examples (4-10) to (4-12)

Examples (4-10) to (4-12) are similar to Examples (4-1) to
(4-3) except that an auxiliary light shielding film 20 having a
multilayer structure including an etching stopper and mask
layer 21 and an auxiliary light shielding layer 22 1s formed
and an adhesion enhancement layer 60 1s formed thereon, as
shown 1n FIG. 4 and Examples (1-10) to (1-12).

In the aspects of Examples (4-10) to (4-12), the etching
stopper and mask layer 21 for the light shielding film 10 can
be thinned as compared to the Cr-based auxiliary light shield-
ing film 20 (also serving as an etching mask) of Examples
(4-1) to (4-3), thereby obtaining the light shielding film 10
with higher etching precision.

In the aspects of Examples (4-10) to (4-12), the auxiliary
light shielding film 20 can be thinned at the same optical
density as compared to the Cr-based auxiliary light shielding
f1lm 20 of Examples (4-1) to (4-3). The auxiliary light shield-
ing film 20 having this small thickness allows a resist to be
thinned as compared to the aspects of Examples (4-1)to (4-3).

Examples (4-13) to (4-15)

Examples (4-13) to (4-15) are similar to Examples (4-10)
to (4-12) except that an etching mask film 70 1s replaced with
the adhesion enhancement layer 60, as shown 1n FIG. 5 and
Examples (1-13) to (1-15).

In the aspects of Examples (4-13) to (4-13), employment of
the chromium-based etching mask film 70 achieves thinness
and improved adhesion of a resist as compared to Examples

(4-10) to (4-12).
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Examples (5-1) to (5-135)

Examples (3-1) to (3-15) are similar to Examples (4-1) to
(4-15) except that the optical density of the auxiliary light
shielding film 20 1s 1.1, and the binary mask blank 1s used for
double exposure, as shown in Examples (2-1) to (2-13).

In the aspects of Examples (3-1) to (5-15), when a binary
transier mask set corresponding to double exposure 1s manu-
factured from two binary mask blanks, 1t 1s possible to sup-
press sensitization of resist films on a waier by a light shield-
ing portion (light shielding band) 80 consisting of an
auxiliary light shielding film pattern 205 and a light shielding
f1lm pattern 10a even for superimposing exposure up to eight
times due to light leakage into peripheral regions.

Example (6-1)

(Design of a Light Shielding Film)
Like Example (4-1), among many MoSi-based matenals

with refractive indexes (n) and extinction coefficients (k)
measured beforehand, a MoSi film (n=2.4, k=2.9) for a light

shielding layer 11 and a MoS10ON film (n=2.1, k=0.6) for a
surface anti-reflection layer 12 were selected as material of a
light shuelding film 10 and the optical simulation on the total
optical density (OD) and surface reflectivity (R %) of the light
shielding film 10 was performed. A graph plotting a result of
the optical simulation 1s shown 1n FIG. 22.

In Example (6-1), from the result of the optical simulation
of FIG. 22, the thickness of the light shielding layer 11 was
selected as 26 nm, the thickness of the surface anti-reflection
layer was selected as 14 nm, and the light shielding film 10
was designed to have the optical density of 2.3 or more and the
surface retlectivity of 20% or less.

Next, a transfer mask was manufactured with the mask
blank using the selected light shielding film 10 and it was
checked through optical simulation whether or not a sufficient
contrast was obtained when the manufactured transfer mask
was exposed and transferred onto a resist on a water, like
Example (4-1). A result of the check showed that a good
contrast of 0.8 or more can be achieved even for the optical
density of 2.3.

Next, for the mask blank using the selected light shielding
film 10, 1t was checked through the optical simulation
whether or not an EMF bias was sufliciently reduced, like
Example (4-1). However, the optical simulation was per-
formed with the thickness of the surface anti-reflection layer
fixed to 14 nm. A resultof the checkis shownin FIG. 23. From
FIG. 23, 1t has been found that the light shielding film 10
having the total thickness o1 40 nm or less has little sensitivity
to the EMF eflect as compared to the conventional light
shielding film having the total thickness of 60 nm or so.

(Manufacture of a Mask Blank)

In Example (6-1), the same mask blank as Example (3-1)
used for double exposure was manutactured except that the
light shielding film 10 1s replaced with the light shielding film
10 designed according to the result of the optical simulation
of FIG. 22.

In Example (6-1), a MoSi film (the light shielding layer 11)
and a MoS10N film (the surface anti-reflection layer 12) were
formed as the light shielding film 10 on the transparent sub-
strate 1.

Specifically, the MoS1 film (the light shielding layer 11)
having a thickness of 26 nm was formed under the same film
formation conditions as Example (4-1).

Next, a target of Mo:S1=4 atom %:96 atom % was used to
form a film comprising molybdenum, silicon, oxygen and
nitrogen (Mo:2 atom %, S1:39 atom %, O:18 atom % and
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N:41 atom %) at a film thickness of 14 nm under a mixture gas
atmosphere of Ar, O,, N, and He, thereby forming the

MoS10N film (the surface anti-retlection layer 12).

Next, the substrate was heated (annealed) at 450° C. for 30
minutes.

A refractive index (n) and an extinction coetficient (k) of
the light shielding film 10 formed on the transparent substrate
1 were measured using an optical film characteristic measur-
ing apparatus n&k 1280 (available from n&k Technologies).
A result of the measurement showed that, 1n the light shield-
ing film 10, the light shielding layer 11 has n=2.4 and k=2.9
and the surface anti-reflection layer 12 has n=2.1 and k=0.6.
In addition, the optical density (OD) and the surface retlec-
tivity for the light shielding film 10 were measured using a
spectrophotometer U-4100 (available from Hitachi High-
technologies). A result of the measurement showed that the
optical density for ArF exposure light (having a wavelength of
193 nm)1s 2.3 and the surface reflectivity 1s 9.4%. In addition,
optical density was measured after the auxiliary light shield-
ing film 20 was formed and a result of the measurement
showed that the optical density of a multilayer structure of the
light shielding film 10 and the auxiliary light shielding film 20
tor ArF exposure light (having awavelength of 193 nm)i1s 3.1.

Thus, a binary mask blank formed with the auxiliary light
shielding film 20 and the light shielding film 10 for ArF
excimer laser exposure and double exposure was obtained.

(Manufacture of a Transfer Mask)

A binary transier mask set of Example (6-1) for double
exposure was manuiactured using the binary mask blank of
Example (6-1) 1n the same manner as Example (3-1).

Here, for a set of two mask design patterns generated by
application of a double patterning technique to a design pat-
tern of the DRAM hp 32 nm generation, a transfer pattern set
generated with strict correction calculation 1n an EMF simu-
lation as conventional and a transfer pattern set generated
with correction calculation with a small computational load
in a TMA simulation were prepared and the prepared transier
pattern sets were drawn to resist films 100 of the four manu-
factured binary mask blanks, respectively, thereby manufac-
turing a binary transfer mask set.

For the manufactured binary transier mask set, the transfer
patterns were exposed and transierred onto resist films of a
waler using an exposurer, respectively, and a result showed
that all patterns are transferred with high precision. Itcould be
confirmed that the mask blank of Example (6-1) can be used
to manufacture a transfer mask having sufficient transierabil-
ity even 1n the transfer patterns generated with correction
calculation with a small computational load 1n a TMA simu-
lation. In addition, 1t could be confirmed that sensitization of
resist films on a water can be suppressed by a light shielding,
portion (light shielding band) 80 consisting of an auxiliary
light shielding film pattern 205 and a light shielding film
pattern 10a even for superimposing exposure up to eight
times due to light leakage into peripheral regions.

Example (6-2)

(Design of a Light Shielding Film)
Like Example (4-1), among many Ta-based materials with

refractive indexes (n) and ext1 nction coelficients (k) mea-
sured beforehand, a TaN film (n=1.8, k=2.4) for a light shield-

ing layer 11 and a TaO film (n=2.2, k=1.1) for a surface
anti-reflection layer 12 were selected as maternial of a light
shielding film 10 and the optical simulation on the total opti-
cal density (OD) and surface retlectivity (R %) of the light
shielding film 10 was performed. A graph plotting a result of
the optical simulation 1s shown 1n FIG. 24.
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In Example (6-2), from the result of the optical simulation
of FIG. 24, the thickness of the light shielding layer 11 was
selected as 33 nm, the thickness of the surface anti-reflection
layer was selected as 6 nm, and the light shuelding film 10 was
designed to have an optical density of 2.3 or more and the
surface retlectivity of 30% or less.

Next, a transfer mask was manufactured with the mask
blank using the selected light shielding film 10 and it was
checked through optical simulation whether or not a sutficient
contrast was obtained when the manufactured transfer mask
was exposed and transferred onto a resist on a water, like
Example (4-1). A result of the check 1s shown 1 FIG. 25.
From FIG. 25, 1t has been found that a good contrast o1 0.8 or
more can be achieved even for the optical density of 2.3.

Next, for the mask blank using the selected light shielding
film 10, 1t was checked through the optical simulation
whether or not an EMF bias was sufliciently reduced, like
Example (4-1). However, the optical simulation was per-
tformed with the thickness of the surface anti-reflection layer
fixed to 6 nm. A result of the check 1s shown 1n FIG. 26. From
FIG. 26, 1t has been found that the light shielding film 10
having the total thickness o1 40 nm or less has little sensitivity
to the EMF eflfect as compared to the conventional light
shielding film having the total thickness of 60 nm or so.

(Manufacture of a Mask Blank)

In Example (6-2), the same mask blank as Example (6-1)
was manuiactured except that the light shielding film 10 1s
replaced with the light shielding film 10 designed according
to the result of the optical simulation of FIG. 24.

In Example (6-2), a TaN film (the light shielding layer 11)
and a TaO film (the surface anti-reflection layer 12) were
formed as the light shielding film 10 on the transparent sub-
strate 1.

Specifically, a DC magnetron sputter was used and a Ta
target was used to form a film ¢ omprising tantalum nitride
(Ta:93 atom % and N:7 atom %) at a film thickness of 33 nm
under a mixture gas atmosphere of Ar and N, thereby form-
ing the light shielding layer 11.

Next, a Ta target was used to form a film comprising tan-
talum oxide (Ta:42 atom % and O:58 atom %) at a film
thickness of 6 nm under a mixture gas atmosphere of Ar and
O,, thereby forming the surtace anti-reflection layer 12.

A refractive index (n) and an extinction coetficient (k) of
the light shielding film 10 formed on the transparent substrate
1 were measured using an optical {ilm characteristic measur-
ing apparatus n&k 1280 (available from n&k Technologies).
A result of the measurement showed that, 1n the light shield-
ing {ilm 10, the light shielding layer 11 has n=1.8 and k=2 .4
and the surface anti-reflection layer 12 has n=2.2 and k=1.1.
In addition, the optical density (OD) and the surface retlec-
tivity for the light shielding film 10 were measured using a
spectrophotometer U-4100 (available from Hitachi High-
technologies). A result of the measurement showed that the
optical density for ArF exposure light (having a wavelength of
193 nm) 1s 2.3 and the surface reflectivity 1s 27.9%. In addi-
tion, optical density was measured after the auxihiary light
shielding film 20 was formed and a result of the measurement
showed that the optical density of a multilayer structure of the
light shielding film 10 and the auxiliary light shielding {ilm 20
for ArF exposure light (having a wavelength o1 193 nm)1s 3.1.

Thus, a binary mask blank formed with the auxiliary light
shielding film 20 and the light shielding film 10 for ArF
excimer laser exposure and double exposure was obtained.

(Manufacture of a Transier Mask)

A binary transfer mask set of Example (6-2) was manufac-
tured using the binary mask blank of Example (6-2) 1n the
same manner as Example (1-3).
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Here, for a set of two mask design patterns generated by
application of a double patterning technique to a design pat-
tern of the DRAM hp 32 nm generation, a transfer pattern set
generated with strict correction calculation 1n an EMF simu-
lation as conventional and a transfer pattern set generated
with correction calculation with a small computational load
in a TMA simulation were prepared and the prepared transfer
pattern sets were drawn to resist {ilms 100 of the four manu-
factured binary mask blanks, respectively, thereby manufac-
turing a binary transfer mask set.

For the manufactured binary transier mask set, the transfer
patterns were exposed and transierred onto resist films of a
waler using an exposurer, respectively, and a result showed
that all patterns are transferred with high precision. It could be
confirmed that the mask blank of Example (6-2) can be used
to manufacture a transier mask having suificient transterabil-
ity even 1n the transier patterns generated with correction
calculation with a small computational load 1n a TMA simu-
lation. In addition, 1t could be confirmed that sensitization of
resist films on a water can be suppressed by a light shielding
portion (light shielding band) 80 consisting of an auxiliary
light shielding film pattern 205 and a light shielding film
pattern 10a even for superimposing exposure up to eight
times due to light leakage into peripheral regions.

Examples (6-3) and (6-4)

Examples (6-3) and (6-4) are similar to Examples (6-1) and
(6-2) except that an etching mask (hard mask) film 30 and an
adhesion enhancement layer 60, which are shown 1n
Examples (1-4) and (1-6), are formed on the auxiliary light
shielding film 20, as shown 1n FIG. 2.

In the aspects of Examples (6-3) and (6-4), since the aux-
iliary light shielding film and the etching mask film are
divided as dedicated films, the etching mask film 30 can be
thinner than the Cr-based auxiliary light shielding film 20
(also serving as an etching mask) of Examples (6-1) and
(6-2), thereby thinning a resist.

Examples (6-35) and (6-6)

Examples (6-35) and (6-6) are similar to Examples (6-1) and
(6-2) except that an etching mask (hard mask) film 30 and a
second etching mask film 40, which are shown in Examples
(1-7) and (1-9), are formed on the auxiliary light shielding
film 20, as shown 1n FIG. 3.

In the aspects of Examples (6-5) and (6-6), employment of
the chromium-based second etching mask film 40 achieves

thinness and improved adhesion of a resist as compared to
Examples (6-3) and (6-4).

Examples (6-7) and (6-8)

Examples (6-7) and (6-8) are similar to Examples (6-1) and
(6-2) except that an auxihary light shielding film 20 having a
multilayer structure including an etching stopper and mask
layer 21 and an auxiliary light shielding layer 22 1s formed
and an adhesion enhancement layer 60 1s formed thereon, as
shown in FIG. 4 and Examples (1-10) and (1-12).

In the aspects of Examples (6-7) and (6-8), the etching
stopper and mask layer 21 for the light shielding film 10 can
be thinned as compared to the Cr-based auxiliary light shield-
ing film 20 (also serving as an etching mask) of Examples
(6-1) and (6-2), thereby obtaining the light shuelding film 10
with higher etching precision.

In the aspects of Examples (6-7) to (6-8), the auxiliary light
shielding film 20 can be thinned at the same optical density as
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compared to the Cr-based auxiliary light shielding film 20 of
Examples (6-1) and (6-2). The auxiliary light shielding film
20 having this small thickness allows a resist to be thinned as
compared to the aspects of Examples (6-1) and (6-2).

Examples (6-9) and (6-10)

Examples (6-9) and (6-10) are similar to Examples (6-7)
and (6-8) except that an etching mask film 70 1s replaced with
the adhesion enhancement layer 60, as shown 1n FIG. 5 and
Examples (1-13) and (1-15).

In the aspects of Examples (6-9) and (6-10), employment
of the chromium-based etching mask film 70 achieves thin-
ness and improved adhesion of a resist as compared to
Examples (6-7) and (6-8).

According to the present disclosure 1n some embodiments,
it 1s possible to provide a mask blank and transfer mask
manufactured using lithography applying ArF exposure light,
which 1s capable of suiliciently overcoming many problems
of the electromagnetic field (EMF) effect, which can be a
problem for the generation in which the DRAM half pitch
(hp) specified 1n semiconductor device design specifications
1s 32 nm and the later generations, and further problems of
light leakage due to superimposing exposure, by securing a
minimal optical density of a light shielding film to be thinned,
the mimimal optical density being required to form a transier
pattern 1n an object to be transierred (for example, a resist on
a waler, etc.), and securing an optical density of a light shield-
ing band required to reduce an effect of light leakage due to
superimposing exposure, the optical density being required
depending on a multilayer structure of a light shielding film
and an auxiliary light shielding film.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the disclosures.
Indeed, the novel methods and apparatuses described herein
may be embodied 1n a vaniety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the disclosures. The accompany-
ing claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the disclosures.

What 1s claimed 1s:

1. A mask blank for use in manufacturing a transfer mask to
which ArF exposure light 1s applied, the mask blank compris-
ng:

a light shielding film 1ncluding a multilayer structure, the

multilayer structure including a light shuelding layer and
a surface anti-reflection layer formed on a transparent
substrate;

an auxiliary light shielding film formed on the light shield-

ing film; and

an etching mask film formed on the auxiliary light shield-

ing film,

wherein the light shielding film 1s made of material con-

taining transition metal silicide or tantalum-based mate-
rial,

wherein the auxiliary light shielding film 1s made of mate-

rial containing chromium,

wherein the etching mask film 1s made of silicon oxide,

s1licon nitride or silicon oxynitride,

wherein the light shielding film has a thickness o1 40 nm or

less and an optical density of 2.0 or moreto 2.7 or less for
exposure light, and

wherein the auxiliary light shielding film has an optical

density of 0.8 or more for exposure light.
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2. The mask blank according to claim 1, wherein the sur-
face anti-retlection layer has a thickness o1 5 nm or more to 20
nm or less and a surface reflectivity of 30% or less for expo-
sure light.

3. The mask blank according to claim 1, wherein the optical
density 1s 3.1 or more for exposure light in the multilayer
structure of the light shielding film and the auxiliary light
shielding film.

4. The mask blank according to claim 1, wherein the light
shielding layer contains transition metal silicide of 90% or
more.

5. The mask blank according to claim 4, wherein the tran-
sition metal silicide 1n the light shielding layer 1s molybde-
num silicide and a content of molybdenum 1s 9 atom % or
more to 40 atom % or less.

6. The mask blank according to claim 1, wherein the aux-
liary light shielding film 1s resistant to an etching gas used to
ctch the light shielding film.

7. The mask blank according to claim 1, wherein the aux-
liary light shielding film contains at least one of nitrogen and
oxygen 1n addition to chromium, a content of the chromium 1n
the auxiliary light shielding film 1s 350 atom % or less, and a
thickness of the auxiliary light shielding film 1s 20 nm or
more.

8. A transfer mask manufactured using the mask blank
according to claim 1.

9. The mask blank according to claim 1, wherein the etch-
ing mask film has a thickness of 5 nm or more to 20 nm or less.
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10. The mask blank according to claim 1,

wherein the auxiliary light shielding film includes an aux-
iliary light shielding layer and an etching stopper and
mask layer,

wherein the etching stopper and mask layer 1s interposed
between the light shielding film and the auxiliary light
shielding layer, and

wherein the etching stopper and mask layer 1s resistant to

both of a first etching gas used to etch the light shielding

film and a second etching gas used to etch the auxiliary

light shielding layer.

11. The mask blank according to claim 1, wherein the
ctching stopper and mask layer contains at least one of nitro-
gen and oxygen in addition to chromium, a content of the
chromium 1s 50 atom % or less in the etching stopper and
mask layer, and a thickness of the etching stopper and mask
layer 1s 5 nm or more to 20 nm or less.

12. The transfer mask according to claim 8,

wherein the light shielding film has a transier pattern 1n a

transier pattern area, and

wherein the auxiliary light shielding film has a pattern of a

light shielding band 1n a peripheral region of the transter
pattern area.

13. The mask blank according to claim 1, wherein the light
shielding layer has a thickness of 15 nm or more to 35 nm or
less.

14. The mask blank according to claim 1, wherein the
auxiliary light shielding layer has a thickness of 20 nm or
more to 40 nm or less.

G o e = x
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